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ABSTRACT
People throughout the Caribbean depend on fishery resources for
subsistence and income. Overfishing is a concern in many areas and the need
for resource management is apparent. Coral reef protected areas are being
used to maintain sustainable tropical reef fisheries. This research examined the
effectiveness of the Hoi Chan Marine Reserve (HCMRl, Belize, in meeting
fisheries management objectives. Fishes were surveyed within the HCMR and
in a comparable non-protected site to examine changes in fish community
structure over time in the HCMR and between protected and non-protected
sites. Results show that abundance, mean length, biomass, and species
richness of commercially important species are generally greater in the HCMR
in 1991 than in 1988 and greater in the HCMR than in the non-protected site.
Local tourist guides were surveyed to determine if the expanding tourist industry
is providing alternative employment for fishers, thus alleviating fishing pressure.
Results indicate that some previously full time fishers are earning substantial
income from tourist activities.
This thesis begins with an Introduction detailing the purpose and
importance of the study. Chapter II provides a review of literature describing
scientific and theoretical basis for establishment of coral reef protected areas to
protect fishery resources and the role in the tourist industry. Chapter III
summarizes the need for and management structure of the HCMR. Chapter IV
describes study sites and research methods used. Results of the study and a
discussion is presented in Chapter V. The thesis closes with conclusions and
recommendations in Chapter VI.
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PREFACE
This thesis is based on two years of research conducted while I was a
Peace Corps Volunteer in Belize between 1987 and 1989 and on research
conducted in the summer of 1991. Primary research was conducted in the Hoi
Chan Marine Reserve and neighboring reef areas off Ambergris Cay, Belize,
with a permit from the Belize Fisheries Unit. The thesis follows the standard
format described in the University of Rhode Island "Format Guidelines--Thesis
and Dissertation."
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CHAPTER
INTRODUCTION
Problem Statement
Indications of overlishing on coral reefs are evident worldwide resulting
from use of highly efficient fishing gear, destructive fishing methods, and intense
fishing pressure (Plan Development Team (PDT) 1990, Samoilys 1988, Salm
and Clark 1984). Impacts include reduced landings, decreased catch per unit
effort, and harvests being comprised of smaller sized individuals and of less
desirable species (Polovina and Ralston 1987, Munro 1980). Because tropical
coastal and island inhabitants in developing nations often depend on reef
fisheries for sustenance, overlishing in these areas is a serious concern (White
1986, Castaneda and Miclat 1981).
Coral reef protected areas (CRPAs) are being used to maintain reef
fisheries in overlished areas. Hundreds of CRPAs exist throughout the world
although many have no administrative or financial support (Van't Hof 1990,
Salm and Clark 1984). The value of CRPAs for maintaining fisheries is not
seriously doubted (Alcala and Russ 1990; PDT 1990; Russ and Alcala 1989;
White 1986, 1989; Clark et al. 1989; Salm and Clark 1984) but there are little
unqualified data to support their use in fisheries management. Alcala and Russ
(1990:40) observe that "given such expectations of protective management
within developing countries it is surprising that there are so few direct tests ... of
the effects of protective management on the density and yield of tropical marine
resources." Applicability of existing research may be limited because of vast
regional differences, diverse cultures, and varying goals and regulations for
CRPAs between regions.
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There is a paucity of research investigating the role of CRPAs in
developing Caribbean nations. This fact may be one reason why 76% of
Caribbean coastal and marine protected areas do not have adequate
management and cannot meet their goals (Van't Hof 1990). Governments and
communities might feel that economic and resource benefits of a CRPA cannot
outweigh financial and manpower investments necessary for effective
management. White (1988) suggests that positive experiences with CRPAs can
provide confidence to expand a system of CRPAs. Thus. providing an example
of benefits in a Caribbean community may strengthen confidence of this
regions' governments, managers, and public in the effectiveness of CRPAs.
Purpose and Significance
The purpose of this study is to determine if the Hoi Chan Marine Reserve
(HCMR) in Belize, exhibits characteristics likely to promote a common goal of
CRPAs in developing nations; that is, to maintain and enhance fisheries and
yields in order to stave off overfishing. Two sub-hypotheses are tested:
(1) The HCMR maintains and enhances fishery populations within an
area protected from fishing.
(2) The HCMR indirectly provides alternative employment opportunities
in the tourist industry for fishers.
Individual studies were performed to test each hypothesis. First.
underwater surveys were executed to compare abundance, size, biomass, and
species richness of finfish populations (1) over time within the HCMR and (2)
between HCMR populations and those of a comparable non-protected area.
Secondly, local tourist guides were surveyed by means of a questionnaire to
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examine the changing role of fisheries in their lives as a result of opportunities
in the tourist industry.'
The author suggests that identification of benefits provided by the HCMR
is significant since it may serve as a model to the Government of Belize and
other developing Caribbean nations because: (1) the community is receiving
benefits probably in excess of input resources; (2) local habitats are generally
representative of the region; (3) the community faces challenges typical of the
region including inconsistent governmental support, financial constraints, and
difficulty in obtaining needed assets and trained personnel; and perhaps most
importantly (4) progress toward goals is being made. Carter et al. (1991 :12)
affirm that the HCMR could "serve as a model and a catalyst for the
establishment of other marine parks along Belize's barrier reef."
Operational Definitions
A few important terms used in this thesis need to be understood before
proceeding. Several are used inconsistently within the literature and will be
defined here as used in this text. Technical terms are defined in AppendiX 1.
CORAL REEF PROTECTED AREA
A coral reef protected area (CRPA) is a defined space in the marine
environment to which management and regulations are applied in order to
defend some aspect the coral reef ecosystem itself or those who depend upon
it. Various names are applied to CRPAs including marine reserves,
sanctuaries, fishery reserves, and parks among others. In this thesis, CRPAs
1The author recognizes that maintenance and enhancement of fishery resources and
providing alternative employment are only two of many potential positive impacts of
CRPAs. However, only these are discussed in this thesis.
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are distinguished from the generically used term, "marine protected area:
(which may protect any resources in any marine environment) to clarify that this
discussion applies only to marine areas encompassing coral reefs and
associated ecosystems.
OVERFISHING
Removing reef fish from a population has effects on the overall fish
community structure. When optimal levels of fishing are exceeded, overfishing
results. Signs of overfishing have been described by Polovina and Ralston
(1987), Pauly (1979), and Munro (1980) among others to include:
• reduced landings
• declining catch per unit effort
• catches of smaller individuals
• catches of less desirable species
SUSTAINABLE FISHERY YIELD
A sustainable fishery yield is achieved when fisher's yields remain
relatively consistent over time, i.e. catches are comprised of large sized
individuals of desirable species and increasing effort over time is not required to
achieve comparable catches. The signs of overfishing described above will not
be present if the fishery is exploited at its sustainable level.
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CHAPTER II
CORAL REEF PROTECTED AREAS
This chapter examines coral reef protected areas in terms of
management objectives, role in fisheries management, and implications for
enhancing employment opportunities in the tourist industry.
Managing Coral Reef Protected Areas
A plethora of CRPAs have been established throughout the tropics to
meet varying goals and objectives ranging from promotion of economic benefits
to protecting endangered species. Some examples of management objectives
are listed in Table 1.
Table 1. Management Objectives for Coral Reef Protected
Areas
To preserve a sample of the ecosystem and a variety of associated habitats and biotic
communities
To protect endangered, depleted, or rare species
To preserve the ecological processes and support systems on which the coral reef
ecosystem depends
To promote uses compatible with conservation and sustainable development
To maintain the social and economic benefits of the area
To preserve the natural character and scenic value of the site
To restrict recreational activities to readily monitored locations
To control anchoring, poling, and beaching of boats on reefs
To restrict methods of fishing to those which cause the least physical damage to the
environment
To protect breeding stock of commercial species for replenishment of depleted areas
To regulate activities inconsistent with the objectives of the area
To facilitate interpretation by films, publications, tours, and trails
To secure tenure of necessary land areas to permit siting of essential facilities and to
protect sensitive habitats
Source: Modified from Salm and Clark (1984:113)
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In 1984 Salm and Clark found that 101 countries had established
CRPAs; 14 in the Indian Ocean, 35 in Southeast Asia, 17 in the Pacific, and 35
in the Atlantic. By 1988 Clark et al. (1989) had noted 135 CRPAs in the
Caribbean Basin alone and 123 in Southeast Asia. It is beyond the scope of
this study to discuss all of these. For further reference, Silva (1986) provides an
assessment of marine and coastal protected areas in Latin America; Robinson
et al. (1981) describe a marine reserve system in Indonesia; Fishelson (1980)
describes marine reserves in the Red Sea region; Davis (1981) describes the
role of underwater parks and sanctuaries in the southeastern United States;
and White (1986) evaluates small island and coastal sites in the Philippines,
Indonesia, and Malaysia. In spite of their abundance, "... many coral reef
protected areas exist only on paper and have no administrative structure in the
field. Without supervision and surveillance they may be of little value" (Salm
and Clark 1984:101). For example only 24% of Caribbean marine protected
areas have effective management (Van't Hof 1990) and of the 19 CRPAs in the
Philippines, "the majority are neglected or have been abandoned" (Alcala
1988:194).
Diverse groups such as fishers, tourists, and developers make demands
on reef resources and each has particular impacts ranging from tourists
trampling corals to collection of large tracts of reefs for building materials.
Examples of impacts are described in Table 2.
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Table 2. Impacts of Commercial and Recreational Activities on
Coral Reefs
• Construction of tourist facilities, research facilities, navigation aids, etc. has mechanical impacts
on the environment.
• Anchors break corals.
• Divers and reef walkers damage corals and other biota by trampling.
• Small boats damage reefs due to groundings.
• Collection of corals and shells by tourists depletes species.
• Spearfishing selectively depletes large fishes.
• Collection of coral, sand, and shells for construction is not sustainable and destroys habitat.
• Commercial line fishing depletes certain stocks of fish.
• Commercial trawling damages the' structure of the reef.
• Fishing with explosives damages the structure of the reef.
• Fishing with poison is destructive to the reef ecosystem.
Source: Modified from Salm and Clark (1984:103-105).
Zoning is used to separate various (and often conflicting) activities,
delineate use from non-use zOnes, and prohibit non-compatible uses. Salm
and Clark (1984) define three steps for designing CRPAs and suggest
corresponding zones as management units which are summarized below:
1) As large an area as possible containing at least 95% of genera should be
identified. In this "core zone" activities must be strictly controlled; fishing should
not be permitted while non-consumptive activities and scientific research may
be permitted.
(2) Reef ecosystems interact with neighboring habitats beyond physical
boundaries and the total must be managed as a single unit. A "visitor use zone"
should be established to encompass important adjacent habitats. Non-
consumptive visitor activities and some restricted fishing may be permitted.
(3) Coral reefs are linked by dynamic processes (e.g. currents. rivers, and
species movements) to distant areas and may be influenced by the activities
there. A "special use zone" should encompass linked habitats as a buffer to
allow management of potentially damaging activities.
7
Figure 1 depicts these three important steps.
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Figure 1. Description of principal parts of a coral reef protected area. 1) The core
zone is the critical minimum area containing at least 95% of genera and use must be strictly limited. 2)
Neighboring habitats support ecological processes and systems and visitor use must be regulated. 3) The
special use (butter) zone boundary is determined in response to potentiaily damaging activities in linked
habitats. (aReef flats, sea grass beds, sand or mud flats, lagoons, mangroves, and estuaries;
bheadquarters, ranger stations, and diving, fishing, research, and education zones; cbeaches, dunes,
watersheds, agricuiture lands, and urban and industrial development; dsea lanes, commercial fishing
grounds, and intensive use zones.) (Modified from Salm and Cla~k 1984:114)
In practice, CAPA managers use modified versions of this model. A small
CAPA may have only two zones, a core zone and a special use zone while a
large CAPA may have multiple zones and subzones within a total management
unit.
Role in Fisheries Management
Auss (1991) and Munro and Williams (1985) provide comprehensive
reviews of research examining effects of fishing on coral reef fish community
structure. The PDT (1990) describes the effects of fishing and provides
theoretical justification for establishing CAPAs. These authors describe an
array of effects on the fish community resulting from removal of fish and
modification of reef habitat from destructive fishing activities.
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Theory support the use of protected areas for fisheries management is
based on the premise that a stable population including older and larger adult
fishes will be protected (PDT 1990). Adults are vital to the survival of a
population because: (1) they divert food resources to reproduction while
juveniles commit to growth; (2) fecundity increases with age and is related
exponentially to fish size;2 and (3) large females of some species (e.g. Lutjanus
campechanus) may spawn more times and over a longer period than smaller
females (PDT 1990).
IMPACTS OF FISHING
When fishing pressure is introduced, changes in the fish community
structure result as fishes with the most desirable characteristics (target species)
are removed first resulting in high adult mortality. Fishers target large predatory
species (piscivores and other carnivores) due to agreeable taste, catchability,
and high value. These are more vulnerable to fishing gear such as baited
hooks and traps than other species presumably because of their aggressive
nature. Predator populations tend to be highly susceptible to overfishing
because they grow slowly, reach sexual maturity late, and have low rates of
natural mortality, all of which contribute to low rates of natural recruitment (Russ
1991). Thus, fishing removes the very specimens most capable of replenishing
the species.
Russ (1991) describes the following three categories of overfishing which
result from fishing:
2For example. the PDT (1990:14) illustrates that one 12.5 kg female Lutjanus
campechanus (red snapper) has the same number of eggs (over 9 million) as 212 1.1
kg females.
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1) Growth overfishing results when fish are caught before they have had a
chance to grow to a large size and may lead to a reduction in both density and
biomass of the population.
2) Recruitment overfishing occurs if fishing reduces the size of the adult stock to
a point where production of larvae and subsequent recruitment are impaired.
3) Ecosystem overfishing in reef fisheries results when intense fishing pressure
changes in the relative abundance of species or the species composition of the
community.
An indirect effect of fishing is the modification of the benthic habitat
resulting from destructive fishing techniques. Techniques including the use of
dynamite and muro-ami nets (drive-in nets) reduced live coral coverage and·
structural heterogenity of the substratum re$ulting in a decrease of hiding
places. Diversity and biomass of species may decline since many are
dependent on these habitats. According to Russ (1991 :630), "fishing methods
which are extremely destructive to the benthic habitat and which are used
extensively may have far greater and longer-term impacts than many of the
direct effects ..." He also suggests that reduction in live coral.coverage may
also cause a decline the abundance of coral eating species and in recruitment
of species requiring live coral substratum. Destruction of structural heterogenity
also means an increase in the amount of rubble, thus those species suited for
rubble habitat may increase (not typically target species).
CRPAs offer respite from fishing pressure and are expected to reduce or
eliminate some of these negative impacts and provide benefits to resources and
fishers. The PDT (1990) outlines a comprehensive review of expected benefits.
Some of the most important benefits are summarized below:
1) Coral reef habitat is preserved from destruction. Species richness,
abundances, and biomass of important species are preserved.
2) Different age and size classes are maintained. The reproductive potential,
spawning stock biomass, social structure, and behavioral patterns of the
population are protected.
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3) Recruitment supply is enhanced. i.e. effects of variations related to
environmental causes are minimal within a natural population.
4) Intraspecific genetic diversity is protected and could be maintained by
normal larval dispersal mechanisms.
5) Restocking of adjacent areas may be provided through adult emigration and
normal larval dispersal.
6) Protection from overfishing is provided. To fishers, catch per unit effort and
total yields are maintained or enhanced.
A review of literature indicates that several parameters are commonly
investigated by researchers and are considered to be indicators of effectiveness
of protective management. These parameters are:
• increased species richness of target species
• increased abundance of target species
• increased biomass of target species
• increased mean length of target species
Alcala and Russ (1990) and White (1988) suggest that improvements in these
parameters may have positive implications for fish yields harvested outside the
protected area.
Case Studies of Coral Reef Protected Areas
The following case studies provide background and management
strategies for important CRPAs and describe the successes and failures of
protective management and impacts on the tourist industry.
GREAT BARRIER REEF MARINE PARK
The Great Barrier Reef (GBR) in Australia is the largest coral reef in the
world and is encompassed in a CRPA covering 350,000 sq km. Prompted by
citizens concerned about oil and gas exploration and coral mining proposed for
the GBR, the Australian Federal Parliament passed a Marine Park Act in 1975
and established the Great Barrier Reef Marine Park Authority (GBRMPA).
1 1
Activities prohibited throughout the park are oil exploration, mining, littering,
spearfishing with SCUBA, and taking large specimens of certain species. All
activities which do not exceed the repair or replacement capacity of the reef
ecosystem or interfere excessively with other uses are permitted (GBRMPA
1988). An elaborate zoning plan has been devised for the GBR Marine Park
(GBRMP). The three categories of zones are (1) "general use zones", (2)
"marine national park zones", and (3) "scientific research zones". Table 3
describes activities restricted and permitted in these zones.
The GBRMPA (1989) has defined one goal and several "aims." The
broad goal is "to provide for the protection, wise use, understanding and
enjoyment of the GBR in perpetuity through the development and care of the
GBRMP." The "aims" are:
• To protect the natural qualities of the reef whilst
providing for reasonable use of resources.
• To involve the community meaningfully in the care and
development of the Marine Park.
• To achieve competence and fairness in the care and
development of the Marine Park through the conduct of
research, and the deliberate acquisition, use and
dissemination of relevant information from research and
other sources.
• To minimise regulation of, and interference in, human
activities ...
• To achieve management of the Marine Park primarily
through the community's understanding and acceptance of
the provisions of zoning, regulations and management
practices.
• To minimise costs of caring for and developing the
Marine Park ...
• To provide for economic development ...
(Quoted from GBRMPA 1989:5)
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Table 3. Selected Coral Reef Protected Areas and Their
Associated Zones
COUNTRY
AustraOa
CRPA
Most Restrictive
(core)
Great Barrier preservationJ
Reef Marine Park scientific zone
(research only,
no fishing)
ZONES
Less Restrictive
(visitor use)
national park
zone
(recreation and
limited line
fishing only)
Least Restrictive
(special use)
general use zone
(unrestricted
commerdal
fishing, shipping,
and recreation)
United States
Philippines
Kenya
Looe Key
National Marine
Sanctuary
Sumilon, Apo,
Pamilacan, and
Baicasag Island
Reserves
core zone
(research and
recreation, no
fishing)
sanctuary zone
(research,
recreation, no
fishing)
marine national
park zone
(research and
recreation, no
fishing or
collecting)
no name given to
the zone
(recreation and
restricted fishing)
traditional fishing
zone
(recreation,
restricted fishing,
no destructive
methods)
marine national
reserve zone
(recreation,
restricted fishing,
no collecting, no
destructive
methods)
It is significant to note that ensuring sustainable yields to fishers is not an
"aim." This author theorizes that this may be because Australia, as a developed
country, has a diversified economy deriving benefits from scientific research,
tourism, education, and recreation among other reef related activities and is not
dependent upon reef fisheries for sustenance.
Research conducted in the GBRMP provides evidence that fisheries can
be maintained and enhanced within protected areas. Scientists of the GBRMP
consider Plectropomus leopardus (coral trout) to be an indicator species for the
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health of the fish community of the GBA. Craik (1981) investigated populations
of E.. leooardus in non-fished and fished areas of the GBRMP and concluded
that sizes and abundances were considerably higher in non-fished areas. She
suggests that the inequality appears to be attributed to the level of fishing
activity.
An experiment was conducted in the GBRMP (at Boult Reef) in order to
assess the effectiveness of periodic reef fishing closures as a fisheries
management tool. During a 3.5 year closure at Boult Reef, comparisons with a
nearby fished reef disclosed that the average size and abundance of f.
leopardus were substantially greater in the closure area. Beinssen (1989)
estimates that the closure allowed replenishment of stocks. Boult Reef was reo
opened to fishing after the closure and populations of f. leopardys were rapidly
depleted. After 14 days 25% had been caught and after 18 months only 25% of
stocks remained (Beinssen 1989). Craik (1989) acknowledges
that further experimental investigation of the short- and long-term effects of
closure areas is required.
LOOE KEY NATIONAL MARINE SANCTUARY
In 1981 the Looe Key National Marine Sanctuary (LKNMS) was
designated under the authority of the Marine Protection, Research, and
Sanctuaries Act of 1972. LKNMS encompasses 8.5 km2 having a .5 km2 core
zone and lies 5.6 km south of Big Pine Key, Florida. Human impacts prior to
designation included damage to corals because of coral and shell collecting,
boat anchorings and groundings, tourist trampling, and intense fishing with
spearguns, wire fish traps, and hook and line. These activities were banned
upon designation (Table 3, p. 13). Enforcement is carried out through public
14
education and by an officer on site authorized to issue warnings and make
arrests (Clark et al. 1989).
Four main goals and accompanying objectives have been established by
the Sanctuary Program Division (1983) which are summarized below:
1) To protect the marine environment and the resources.
• Develop the means to manage the impacts of visitors.
• Develop contingency and action plans for responding to threats.
• Promote voluntary user compliance with regulations through an
educational program stressing resource sensitivity and wise
use.
• Review the effectiveness of regulations and promulgate revised
regulations as needed.
2) To encourage compatible recreational, commercial, and research uses.
• Improve public awareness of compatible recreational
opportunities.
• Increase opportunities for a wider variety of users to enjoy and
appreciate the Sanctuary.
• Improve visitor safety.
• Direct visitors to varied areas thereby lessening impacts on
anyone resource.
3) To increase public awareness of the resources.
• Direct and orient visitors.
• Increase public understanding of marine issues related to and
affecting the Sanctuary.
• Develop public appreciation of the need for management and
resource conservation.
• Promote public understanding and appreciation of the marine
processes and significant features represented.
4) To direct research towards understanding the marine sanctuary.
• Establish a framework for a research program primarily
directed toward effective management of resources.
• Identify projects that should be given highest priority for early
implementation.
• Make effective use of research results by incorporating them
into information and interpretation programs.
(Sanctuary Program Division 1983:1-2)
These goals and objectives, similar to those of the Great Barrier Reef
Marine Park, are primarily directed towards visitor/public use and appreciation
of the resources. Absent is the sentiment to provide sustainable yields of fishery
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resources although protection of resources is stated as a goal. The Sanctuary
Program Division (1983:5) recognizes that "by far the greatest use of Looe Key
is and will continue to be by recreationists," thus the emphasis on visitor/public
use and education.
Studies conducted indicate that maintenance and enhancement of target
species within the LKNMS is occurring. Clark et al. (1989) evaluated
population changes of commercially important species after spearfishing was
banned. Comparison of commercial species, Haemulidae (grunts), Lutjanidae
(snappers), and Labridae (hogfish) were conducted before and after the ban.
Results disclose that five target species not observed before the ban were
observed after; all 15 spearfishing target species increased in abundance; 14
of 15 target species increased in frequency of occurrence; and lutjanids
increased by 93% and haemulids by 439% after implementation of the ban.
Clark et al. (1989) reason that the increases are related to the restriction on
spearfishing which is presumably an effective technique for protecting fisheries.
Both the Great Barrier Reef Marine Park and the Looe Key National
Marine Sanctuary are located in developed countries where CRPAs appear to
be established primarily to maintain the reef ecosystem for aesthetic
appreciation and especially to enhance tourism. The people depend on the
reefs economically, but not necessarily for the sustenance derived from the
fishes there. The next cases present examples of CRPAs in developing
countries where people are more dependent on reef fisheries. This
dependency is noted in the goals for which the CRPAs were designated and in
research focused on determining parameters important to monitoring the health
of the fishery stocks.
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PHILIPPINES
Fishery studies have been conducted in several CAPAs in the
Philippines including Sumilon Island. Apo Island, Balicasag Island, and
Pamilacan Island AeseNes. These studies, particularly those from Sumilon,
provide important data potentially linking maintenance and enhancement of
fishery resources within a protected area to yields in adjacent fished areas.
In this developing nation, the Philippine government is occupied with
essential development and infrastructure projects; conseNation of resources is
not a top priority even though many Filipinos depend upon fisheries for
sustenance (Castaneda and Miclat 1981). The system of CAPAs ("municipal
coral reef parks") is supported by the Silliman University in Dumaguete.
Philippines. The municipal coral reef parks are managed and protected by
local governments with the assistance of the Silliman University. Goals for the
reseNes have been broadly described by White (1986) as:
• To arrest the current degradation of the reef.
• To augment fishery yields.
• To preseNe reefs for scientific research, education, aesthetic reasons,
recreation, and tourism.
Because human population and pressure on fishing resources are increasing
rapidly in the Philippines, the most important goal of the CAPAs is to augment
fishery yields (Auss 1985, Castaneda and Miclat 1981).
In each of the four Philippine CAPAs discussed below, use of dynamite,
chemical poisons, and muro-ami (drive-in net) were common problems and
overfishing had become a concern (White 1988). Each CAPA encompasses a
"sanctuary" where fishing is not permitted and a surrounding "traditional fishing
zone" where fishing is allowed but destructive fishing is prohibited (Table 3. p.
13).
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The four Philippine CRPAs discussed are the Sumilon, Apo, Pamilacan,
and Balicasag Island Reserves. The waters around Sumilon Island, an
uninhabited 23 ha island under the jurisdiction of Oslob, Cebu. was established
in 1974 as the Sumilon Island Reserve. A 750 m stretch of reef was a sanctuary
and the remainder of the reef around the island was designated a traditional
fishing zone. Management and protection of the Sumilon Island Reserve was
practiced from 1974·1984. Management collapsed in 1984 because a new
mayor in Oslob was not supportive of the reserve and destructive fishing
resumed throughout the reserve (White 1986). A 76 ha Apo Island Reserve was
declared in 1985 by the municipal government of the town of Dauin, Negros
which has jurisdiction over the island. Apo's 600 inhabitants are totally .
dependent on fishery resources harvested around the island. A 500 m stretch
of reef was designated a sanctuary and the remainder of the reef around the
island was included as a traditional fishing zone (White 1989). The Pamilacan
Island Reserve was designated by municipal government of Pamilacan Island
in 1985 and enforcement began in 1986. The reserve has a 14 ha sanctuary
with a 325 ha traditional fishing zone (White 1988). The Balicasag Island
Reserve was designated by municipal government of Balicasag Island in 1986.
The reserve consists of 8 ha sanctuary and a 139 ha traditional fishing zone
(White 1988).
Russ (1985) collected fishery data at the Sumilon Island Reserve which
he compared with two control sites having similar habitat characteristics. He
detected significantly higher species richness of target piscivores and species
of the family Chaetodontidae (eat live coral) at Sumilon. He also recorded
significantly higher abundances of fishes overall (all species) and of large target
individuals specifically. Russ makes the assumption that protection provided to
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fish in the Sumilon Island Reserve was important in maintaining the high
species richness and abundances.
Alcala and Gomez (1985) assessed fisher yields from the Sumilon Island
Reserve from 1976 until the Reserve collapsed in 1984. Their results conclude
that fishers extracted an increasing tonnage of fish each year from 14-24 metric
tons (mt) km-2 year1 during the period 1976-1979 to 36 mt km-2 year1 in the
year ending April 1984. White (1986) and Russ (1984, 1985) agree in
presuming that the sanctuary area helped to maintain species richness within
the sanctuary area and more importantly to export fish biomass to the
surrounding traditional fishing zone by emigration of adult fishes.
Russ and Alcala (1989) compared abundances. species richness. and
biomass of particular species at the Sumilon Island Reserve sanctuary area and
three control sites with similar habitat characteristics between 1983 and 1985 to
determine effects of the collapse of the Reserve. They discovered significant
changes in community structure of fishes in the Sumilon Island Reserve
sanctuary but not at the control sites. In the sanctuary area. the authors
observed:
•
•
•
•
•
•
a significant reduction in overall species richness and specifically of
large piscivores,
a significant reduction in overall abundances and of some large
piscivores (e.g. lutjanids),
a sharp percentage decrease (although not statistically significant) in
abundances of serranids, carangids, and scombrids,
adult scarids increased presumably because destructive muro-ami
fishing techniques forced them from their normal habitats in shallow
reef flats to the reef slopes where censuses were made.
increase in abundance of labrids presumably attributable to high
recruitment in response to increased rubble which accompanies
destructive fishi ng, and
the biomass of serranids decreased significantly.
(Russ and Alcala 1989)
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Other researchers also investigated effects of withdrawal of protection at
Sumilon Island Reserve. Alcala and Russ (1990) discuss changes in catch per
unit effort (CPUE) and yields. They disclosed a significant overall decline in
CPUE from 1.98 kg man-1trip-1 in 1983/84 to 0.99 kg man-1 trip-1 in 1985/86.
Specifically, CPUE declined by 55% for hook and line, 51 % for net, and 33% for
trap. The authors detected significant decreases in total yield from 36.9 mt km-2
in 1983/84 to 19.87 mt km-2 in 1985/86, a decline of 54%. The authors point
out that these decreases occurred even though only part of the reef (traditional
fishing zone) was fished in 1983/84 and the total (sanctuary plus traditional
fishing zone) was fished in 1985/86. The local fishers acknowledged that they
had been better off before the Reserve was violated (White 1989).
White (1988) has focused research on the more recently established Apo
Island, Pamilacan Island, and Balicasag Island Reserves. He investigated
populations of target species over time comparing 1985 results with 1986.
Considering species richness, his data indicate that species richness increased
for most families but only a few increases were significant. The favorite targets
of fishers showed the most dramatic increases. The author determined the
mean percentage increases for species richness were 40% in Apo. 25% in
Pamilacan, and 3% in Balicasag. White also recorded large percentage
increases in abundances of individuals of most families; some increases were
statistically significant. The most dramatic increases were observed for target
species. His results show that mean percentage increases for all harvested
species were 293% for Apo, 43% for Pamilacan, and 2% for Balicasag.
KENYA
Legislation designed to protect of Kenya's coral reef ecosystems
provides the basis for establishment of "Marine National Parks· (parks) and
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"Marine National Reserves" (reserves), No fishing or collecting is permitted in
parks; traditional fishing is permitted in reserves (Table 3, p. 13). There are four
parks and three reserves in Kenya covering a total of 846 km2, Direct human
impacts to the reefs include overfishing and trade in mollusc shells and
aquarium fish. The primary indirect impact is an increase of river born silt
reaching the reefs as a consequence of poor land management practices.
Approximately 50% of Kenya's fish catch is made up of'reef associated fish
landed by 1200 artisanal fishers who are dependent on the reefs for
sustenance (Samoilys 1988). Samoilys does not state specific goals for either
parks or reserves.
Samoilys (1988) investigated the effects of protection and fishing on
Kenya's reef fish communities. She selected sites based on fishing pressure
and protection status, i.e. whether they are parks, reserves, or unprotected sites.
Examining species richness, Samoilys (1988) detected significant differences
between the three protection levels with the highest numbers recorded for park
sites followed by reserve sites and finally by unprotected sites as one would
expect. Samoilys' findings on abundances were unexpected, however.
Although lowest abundances were recorded from an unprotected site and the
highest from park and reserve sites, no significant differences between the
protection levels (parks, reserves, and unprotected sites) were detected for
overall species or for target species alone, contrary to Samoilys' hypothesis.
Surprisingly, some of the highest abundances were recorded in a heaVily fished
reserve site.
Samoilys' (1988) data for total biomass also displays some unexpected
results. Her comparisons of target species biomass between sites of the three
protection levels revealed no significant differences. However, when she
considered serranid biomass individually, a highly significant difference was
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noted, with greater biomass in reserve sites than in parks and unprotected sites.
One would expect that biomass of target species be greatest in fully protected
parks; in fact, there was no difference in biomass between park and unprotected
sites. Samoilys suggests that these unexpected results may be due to
confounding factors such as illegal fishing in parks and reef degradation from
dynamiting and river run-off.
In an attempt to understand the unexpected abundance and biomass
results, Samoilys went on to compare two reefs, both unprotected and neither
dynamited nor affected by river runoff; the only difference is that one site is
lightly fished while the other is heavily fished. She found serranid abundances
to be six times higher and biomass 13 times higher at the lightly fished reef,
supporting her hypothesis.
Samoilys (1988) concludes that the parks maintain a high species
richness but are not effective in maintaining either high abundances or biomass
of target species. She reasons that reef degradation and illegal fishing in some
parks may be negating potential benefits of the parks. "It is clear that the effects
of silt from rivers and the use of dynamite, outweigh the effects of protective
management and fishing on Kenya's coral reef fish communities. As such,
marine park status is no guarantee that a high abundance and biomass of reef
fish will be preserved" (Samoilys 1988:266).
Providing Alternatives to Fishing
This author suggests that if some fishers in an overfished area find
alternatives to fishing as their primary means of income and livelihood, then
fishing pressure will decrease resulting in increased catches for the remaining
fishers and presumably contributing to sustainable yields. Russ (1991 :630)
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notes that some countries (e.g. Jamaica and the Philippines) are approaching
the most severe level of overfishing where:
"... there are too many fishermen and not enough fish and were
the fishermen initiate wholesale resource destruction in an effort
to maintain their incomes... The only solutions ... are creation
of alternative employment opportunities ... If such solutions are
not attempted we can forget about management options for the
coral reef fisheries and indeed the coral reefs themselves ..."
Thus providing alternatives to fishing may indeed be a significant component of
coral reef fisheries management in intensely fished areas.
Tourists all over the world are drawn to terrestrial parks and reserves in
their own countries as well as to those in other countries for educational and
recreational experiences. Not surprisingly, the same phenomenon appears to
hold true for marine parks and reserves (i.e. CRPAs). For example,
conservative estimates of the number of visitors to the Looe' Key National
Marine Sanctuary was nearly 55,000 in 1989, up from 17,000 in 1985 (Talge
1989). Over one million visitors were received in 1989 at the 160 km2 Key
Largo National Marine Sanctuary, up from 400,000 in 1976 (Van't Hof 1990).
Even in less developed regions, tourists are swarming to tropical coral reefs.
Examples include the Virgin Islands National Park, encompassing 2287 ha,
which attracts approximately 800,000 visitors per year (McLain 1990). And in
the 8 km2 Hoi Chan Marine Reserve in Belize nearly 33,000 visitors were
recorded for 1990/1991 (Azueta 1990), up from 23,000 in 1988/1989 (Azueta et
al. 1989).
The number of tourists visiting CRPAs provides evidence of the ample
opportunity for development of tourist industries. In Florida for instance, tourism
is the state's number one industry (Causey 1989). Opportunities are present for
fishers in developing countries to step into the tourist industry filling the need for
tourist guides escorting and transporting snorkelers, SCUBA divers, sport
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fishers, and sight seers since they often already possess the necessary capital,
a boat with engines and an intimate knowledge of the marine environment
gained through years of fishing experience.
Summary
This literature review of coral reef protected areas indicates: (1) that
CRPAs can provide substantial benefits to fishery resources by maintaining and
enhancing populations within the protected area; (2) CRPAs may contribute to
enhancement of fishery yields in adjacent areas; and (3) CRPAs may provide
alternative employment opportunities to fishers interested in joining the tourist
trade. These three points are vital to supporting the hypothesis of this thesis.
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CHAPTER III
HOL CHAN MARINE RESERVE
This chapter provides a discussion of the Hoi Chan Marine Reserve, how
and why it was established, its management objectives and its regulatory
guidelines.
Establishment
The Hoi Chan Marine Reserve (HCMR) is located 6,5 km south of San
Pedro Town, Ambergris Cay, Belize (Figure 2). The community historically
supported several hundred people dependent upon fishing and coconut
production. However, in the mid 1960s life on the cay began to change.
primarily due to the establishment of the Caribena Fisherman's Cooperative.
Because there were no processing facilities available before the cooperative
was established, fishers sold their unprocessed catch to mainland or overseas
buyers, who in turn sold to restaurants and other buyers. The cooperative
provides stable markets, guaranteed high prices. and access to capital, thus
empowering the fishers to collectively process, sell, and export products directly
to marke.ts (Price 1987).
San Pedrano fishers harvest finfish by means of beach seining. beach
traps, hook and line, and spearfishing; use of dynamite and poisons is not
common in Belize. However demand for the fishery resources became so great
that, according to Carter et al. (1991 :11), within a decade of the establishment of
the cooperative, demand for resources "exceeded the local carrying capacity of
the reef off San Pedro Town" and fishery stocks began to decline. In the 1970's,
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Figure 2, Map of Belize showing location of Ambergris Cay and San Pedro
Town
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this decline of fisheries may have stimulated another turn of events on the cay -
the beginnings of the tourist industry.
Carter et al. (1991) suggest that profits from the fishing boom energized
the cay's economy and provided capital to develop a small scale tourist
industry. Tourism initially was a vocation of older fishers no longer able to
withstand the physical strain associated with long days of fishing. Semi-retired
fishers opened their homes to sportfishermen and SCUBA divers and provided
transportation to the reef. Today, San Pedro Town is Belize's favorite tourist
destination having over 20 hotels, a variety of restaurants, more than 10 dive
shops, and over 100 tourist guides promoting SCUBA diving, sportsfishing,
glass bottom boat excursions, day-trips to offshore atolls, and day-trips to the
mainland to visit Mayan ruins.
Activities associated with the tourist industry have begun to degrade the
environment. For example, near San Pedro Town the reef shows signs of
heavy use from anchor damage and careless divers and snorkelers trampling
corals. Development of coastal property for homes and hotels has lead to
increased boat traffic and dredge and fill operations. The construction of piers
has altered the erosion and deposition patterns of the beach forcing people to
construct sea walls to save property. And sewage output from faulty septic and
disposal facilities has resulted in the occurrence of algal blooms along the
shore (Carter et al. 1991).
Referring to San Pedro Town's two main industries, fishing and tourism,
Carter et al. (1991 :12) state "the HCMR was established in an attempt to restore
the island's marine ecology and stem this tide of hyperdevelopment and non-
sustainable resource utilization." The Government of Belize officially declared
the HCMR in May of 1987 under Section 7 of Fisheries Ordinance (Amendment)
Act of 1983 (Gibson 1986). Funding for the HCMR was provided from 1987
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through 1990 by the World Wildlife Fund (WWF) and the United States Agency
for International Development.
Management Plan
Gibson (1986) is the author of the HCMR Draft Management Plan3 which
provides guidance for the HCMR staff. The two primary tools laid out in the
management plan are the goals and objectives and the zoning scheme. The
goals and objectives generally recognize the importance of resource protection,
tourism and recreation, and environmental education (Table 4). The HCMR's
three interdependent zones within its 7.8 km2 total area were designed to
facilitate meeting the goals and objectives by balancing overlapping and
conflicting activities (Figure 3). Zone A is the most restricted zone. It includes
1.6 km2 primarily of forereef, reef crest. reef cut, backreef habitats. Only non-
extractive activities such as research, snorkeling, and sight-seeing are
permitted. Zone B encompasses 4.7 km2 of seagrass lagoon habitat where
traditional fishing is allowed with a permit. And Zone C encompasses 1.6 km2
of mangrove habitat where traditional fishing is allowed with a permit. Table 5
provides a list of zoning regulations designed to meet the goals of the
management plan.
The staff of the HCMR has been successful in making substantial
progress towards meeting objectives stated in the management plan. For
example. to address education goals. the staff manages an officelvisitor center
which has educational materials and displays to meet the needs of locals and
tourists; they also teach a marine ecology course at the San Pedro Town High
School. To meet goals designed to protect the habitat and resources and
3Although this document is titled the "Draft . . " plan. it serves as the final
plan.
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Table 4.
Goal I.
Goal II
Goal III
Goal IV
Hoi Chan Marine Reserve Goals and Objectives.
(Objectives particularly relevant to this study are in italics.)
To maintain a sampla coral raaf ecosystam ,In Its natural stata
Objactlvas
1) To restore the beauty and ecological balance by restricting extractive activ~ies.
2) To preserve areas of cr~ical hab~at for threatened and endangered species.
3) To regulate the use of the area to prevent overexplo~ation.
To provida recre.tlon .nd tourism service. and preserve the value
of the .re. for fisheries
ObJactlva.
1) To provide an undisturbed area for tourism and recreation, in a controlled and
well-informed manner.
2) To promote uses compatible w~h conservation and sustainable development
objectives, primarily through zoning.
3) To provide protected habitats for commercially important species.
4) To enhance the social and economical benefits of the area.
To provlda an araa for aducatlon and rasaarch
Objectlva.
1) To foster general interest in, and knowledge of, the costal environment
through education and interpretive programs.
2) To encourage scient~ic research in the reserve.
To con.erve genetic resources
Objective.
1) To provide an undisturbed area which will result in increase recruitment to
the fisheries of the adjacent areas.
2) To conserve an ecosystem i.e.. mangroves, turtle grass beds and coral reef,
which is representative of the reef complex and which functions as an ecological
entity.
Source: Slightly modified from Gibson (1986:13-15).
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Table 5.
Zone A
Zone B
Zone C
Hal Chan Marine Reserve Zoning Regulations.
Forereef, reef cut, reef crest, back reef, and part of the seagrass
lagoon
Objectives
1) To provide an area for recreational diving and viewing of the reef.
2) To preserve a representative sample of the coral reef.
3) To provide an undisturbed area which will in turn provide recruitment of
species to adjacent areas.
Use and Entry .
1) Non-extractive recreational activities will be permitted
• no fishing
• no collecting of flora or fauna
• no damage, destruction or disturbance of the natural habitat
2) All boats shall anchor at the mooring provided, except in cases of emergency
where life and property may be endangered; no person shall cast or drag any
anchor in such a way as to damage coral reef formations.
3) A small admission fee will be charged for entering this zone ($3 per person).
4) Divers in this zone will abide by the following rules:
• divers should register
• charter dive boats will be licensed to operated in this zone and all boats
should fly the "diver down" flag during all dives.
Seagrass lagoon habitat exclusively
Objectives
1) To provide opportunities for established uses and activities to C9ntinue; these
include mainly commercial fishing for lobster and conch.
2) To provide an area for water sports such as water skiing and sailing.
3) To provide a protected area of seagrass beds and associated back reef
habitats which are vital to the heallh of the coral reef.
Use and Entry
1) Fishermen currently using this area will be allowed to continue under special
license from the Fisheries Administrator.
2) No trawling will be allowed.
3) No spearing or netting of fish will be permitted in the "blue hole" known as
Boca Ciega.
Mangrove cay habitat
Objectives
1) To provide opportunities for established uses and activities to continue.
2) To promote sporttishing.
3) To preserve a representative sample of a mangrove ecosystem.
4) To preserve a highly productive area which is a nursery for many species.
Use and Entry
1) Sportfishing and commerciaVsubsistence fishing will be permitted with a
special license.
2) The setting of nets across the channels or 'cuts' will be strictly prohibited.
3) No clearing of mangroves or plants will be permitted.
Source: Slightly Modified from Gibson (1986:15·18).
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provide an undisturbed area for tourism, two rangers have been hired and they
conduct daily monitoring patrols from 5 a.m. to 5 p.m. to collect fees, discourage
fishing, and provide information to visitors at the site. Research to understand
effects of the HCMR are being investigated by the biologist whol has several on-
going research projects such as habitat surveys, fish, lobster and conch
population assessments, and have begun to devise a plan to monitor fisher
catches in areas adjacent to the no fishing zone. Because of this progress,
W'NF has renewed and continued financial assistance, but the potential for self-
sufficiency exists through collection of fees. A visitor's entrance fee of $3 Belize
($1.50 US) initiated in 1990 and revenues were sufficient to cover salaries and
daily operational costs associated with boats and equipment for the year (Carter
et al. 1991).
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CHAPTER IV
STUDY SITES AND RESEARCH METHODS
This chapter describes the two study sites selected and their associated
habitats. It also outlines research methods applied for assessing of fish
community structure, selecting survey points, and determining changes
resulting to the tourist guide industry.
Study Sites
Two sites adjacent to Ambergris Cay were sampled, Zone A of the HCMR
and the Tres Cocos reef, a non-protected site. The Tres Cocos reef was chosen
for comparison with the HCMR because of the similariti~s with respect to
habitats, water depths, and coral species and formations. The HCMR is
approximately 6.5 km south and Tres Cocos 1.0 km north of San Pedro Town.
In Zone A of the HCMR no extractive activities are permitted; in Tres Cocos
commercial and recreational fishing, SCUBA diving, and snorkeling are
common activities. For the purposes of this study, boundaries corresponding to
those of the HCMR were approximated for Tres Cocos (Figure 4, p. 34).
Three habitats were surveyed at each site for comparison and are
described below (Figure 4):
1) Forereef. The forereef is immediately seaward of the reef crest. Gibson
(1986) describes the forereef habitat at the HCMR, and the description is well
suited for the Tres Cocos site as well. At a five meter depth, soft corals including
Gorgonia ventalina, Plexurella sp. and Pseudopterogorgia sp. are present.
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Moving seaward water depth increases gradually and at a nine meter depth,
east-west ridges begin a spur and groove formation. Relief at initial ridges is
slight and soft coral cover persists. At a 14 m depth the spur and groove
formation is well developed; the stony corals Montastrea sp. and Porites
astreoides and large Vergongia and Xestospongia sponges are dominant
(1986:8).
2) Main Reef. For purposes of this study, habitats commonly known as the
reef crest and back reef have been combined and are referred to as the "main
reef".4 The main reef can be considered to extend from the seaward edge of
the reef crest where waves begin breaking to the western edge of the backreef
(approximately 20-50 m). The reef crest and backreef habitats are described
independently for simplicity. Both have been described by Gibson (1986) and
descriptions are generally applicable for Tres Cocos.
A foundation of dead stony corals. Acropora palmata and Montastrea
annularis, underlies the reef crest providing support for species of live corals,
Acropora palmata, Porites porites and Agaracia agaricites. The windward side
of the reef crest is dominated by Acropra palmata. The backreef extends 20·40
m west of the reef crest and contains patch reefs situated in rubble. Depth
varies from one to 1.75 m. The stony corals Agaricia agaricites and Siderastrea
siderea are common (1986:9).
3) Reef cut. In the HCMR cut, channel walls ar.e made up of dead stony
corals such as Acropora palmata; small caves and ledges are present. The
walls are sporadically covered with live stony and soft corals such as
4During the June 1991 survey period, extremely high waves and wind hindered
censuring on portions of the of the reef and the boundary between the reef crest and back
reef was not always evident. Thus data from these habitats were combined and are
referred to as "main reef" data. Data collected in 1988 and 1989 were combined in this
manner as well.
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Siderastrea, Agaricia, Dip/oria and Gorgonia. Thick coral growth, especially
Acropora pa/mata, occurs on the upper two meters of the walls. The channel
ranges from 20 to 30 m in width, has a floor comprised mostly sand, and is
about 10m deep. Moving seaward the walls discontinue and water depth
decreases to six meters and soft coral and algae growth appears on the bottom
(Gibson 1986:9).
The Tres Cocos reef cut differs somewhat from the HCMR reef cut. It has
a well developed northern wall (similar to the HCMR walls) made up of dead
stony corals intermittently covered with the live corals Acropora pa/mata and
Agaricia agaricites. The channel is divided into two parts by a large central
east-west patch reef. This central patch reef contains fairly eX1ensive coverage
of live and dead Acropora pa/mata and Gorgonia on a base of dead corals. The
channel floor is comprised of the soft Gorgonia, the seagrass ThaI/asia, and
sand. South of the patch reef wall, the bottom slopes up toward the crest and is
covered with algae and ThaI/asia. The width of the cut ranges from 40·60 m.
Water depths in the cut are about 10m at the western edge, moving seaward
depth decreases to about two meters at the eastern cut edge. Sampling was
conducted primarily in that area between the northern wall and the patch reef
wall which more closely resembled the HCMR cut.
Research Methods
All data were collected by the author who is referred to in this section as
the "observer".
ASSESSING FISH COMMUNITY STRUCTURE
Data were collected over a one year period from July 1988 to June 1989
and again for one month in June 1991 (Table 6). For analyses, 1988 and 1989
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are combined (1988/89) to provide a larger sample size comparable with 1991
sample size. 1988/89 data were collected somewhat haphazardly because.
due to the inexperience of the observer, no particular method was employed to
determine survey points within habitats. However, the data are considered by
the author to be worthy of analysis.
Table 6. Dates of Collection of Underwater Visual Surveys.
(Number of samples is listed in parentheses.)
SITE REEF CUT FOREREEF MAIN REEF
Hoi Chan
Marine July 1988 (5) July 1988 (8)
Reserve August 1988 (4) August 1988 (9) August 1988 (2)
December 1988 (3)
February 1989 (5) March 1989 (4)
June 1991 (25) June 1991 (8) June 1991 (18)
Tres
Cocos August 1988 (2)
July 1989 (26)
June 1991 (21 ) June 1991 (9) June 1991 (18)
During the 1991 research period, survey points were selected using a
stratified random statistical method to determine the number of surveys within
each of the three habitats. Based on previous experience it was determined
that about 10 minutes per survey was required and that approximately 100
surveys could be conducted in the time available during 3·23 June 1991. The
number to be allocated to each habitat was determined statistically using the
Neyman allocation. This method assigns the greatest number of surveys to the
habitat having greatest variability between surveys in a particular habitat
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(determined using data from 1988/89). The Neyman allocation equation is
(Gilbert 1987:50):
nh =
n =
Wh =
Nh =
N =
Where
x
x
=
=
total number of surveys per hab~at
total number of surveys
NlNh
number of species per habitat
total number of species in all hab~ats combined
(x-x) 2
n-l
number of species per census
mean numberr of species per survey per hab~at
Using this equation, the author determined that about 25 samples should
be conducted in each of the reef cuts, nine in the forereef habitats, and 15 in the
main reef habitats.S Points were plotted on a numbered grid overlaying .
diagrams of the sites and survey points where chosen using a random numbers
table.
Both a spatial and temporal dimension was obtained for· the data
collected. Spatially, data were collected between the HCMR and Tres Cocos;
temporally, the sites were compared between 1988/89 and 1991. Within this
framework, data on four parameters were collected:
• abundance (mean number of individuals per survey)
• mean lengths (mean lengths of species per survey)
• biomass (mean kilograms fish per survey)
• species richness (number of species per survey)
Statistical significance was calculated using a non-parametric t-test with
a confidence interval of 95% (p<0.05 is significant). The null hypotheses state
that there exists no significance difference in parameters over time within each
of the sites and that there exists no significant difference between the
populations at the HCMR and Tres Cocos.
SActual number of surveys conducted (Table 6) varies somewhat from this due to unforeseen
time and weather constraints.
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A stationary sampling visual survey method (SS method) was employed
to quantitatively assess community structure of reef fishes (Bohnsack and
Bannerot 1986). At each randomly determined survey point, all observed finfish
species were recorded in a five minute period within an imaginary cylinder
extending from the surface to the bottom within a radius of eight meters from the
observer. Survey radii were estimated by means of a measured length of rope.
The observer began each survey by facing seaward and listing all species until
no new species were noted, then new sectors were scanned by rotating to the
right. New species were listed as observed. After the five minute timed survey,
the number of individuals and maximum, minimum and mean fork lengths were
recorded during a 360 degree revolution search for each observed species.
Sizes were estimated with the help of a ruler held out perpendicularly at the end
of a metal rod to avoid magnification effects. Data were collected using SCUBA
or snorkel depending on the water depth. Time was kept using an underwater
stopwatch with an alarm set for five minutes. All data were recorded on
underwater paper.
There are several potential biases associated with use of this SS
method. Some small cryptic species may be excluded because they are difficult
to notice. Pelagic species may also be underrepresented due to their mobile
nature. It has also been noted that fishes in protected areas become
accustomed to humans and often approach them in the hopes of being fed;
these more aggressive species may be better represented in protected than
non-protected sites because of this. Some of the important target species such
as lutjanids and serranids tend to hide among crevices. Because of this
possibility, the author conducted ten surveys designed to specifically locate
large predators (Beinssen 1986); no significant differences for these species
was detected between survey methods.
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Fishes are divided into seven major groups for analyses:
• Total targeted (targeted species combined)
• Lutjanidae
• Serranidae
• Haemulidae
• Scaridae
• Other (all other harvested species)
• Non-Harvested
Appendix 2 lists all harvested fish species from the Ambergris Cay area
by family. Emery (1991) examined San Pedro Town Caribbean Fishermen
Cooperative's 1989 records and determined that lutjanids comprise the greatest
poundage sold, followed by Sphyraena barracuda, carangids, serranids, and
the haemulids respectively. Although S. barracuda and the carangids are very
important, they are placed in the "other targeted" category because they are
highly mobile pelagic species and may not be accurately represented in these
visual surveys designed more specifically for reef fishes.
To determine biomass, lengths recorded from surveys were used in
known length-weight relationships. Thompson and Munro (1983a) describe
lengths for lutjanids6 in Jamaican waters; Thompson and Munro (1983b)
describe lengths for serranids7 in Jamaican waters; Gaut and Munro (1983)
describe lengths for haemulids8 in the western Atlantic; and Reeson (1983)
describes lengths for scarids9 in the Atlantic.
6The length-weight relationship for Ocyurus chrysurus was used only for that species,
biomass for all other lutjanid species was determined using the known relationsip for
Lutjanus apodus.
7The length-weight relationship for Epinephelus guttatus was used only for that species,
biomass for all other serranid species was determine using the known relationship of E.
striatus.
8Length-weight relationships were defined for each of the species except Haemulon
parrai for which biomass was determined using the known relationsip for H. album.
9The length-weight relationsip for Sparisom viridi was used only for that species,
biomass for all other scarids was determined using the known relationship for S.
chry.sopterum.
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TOURIST GUIDE QUESTIONNAIRE
San Pedranos employed in the fishing industry are often involved with
the tourist trade activities as well. l a A questionnaire was developed to
determine if tourism is providing alternative employment opportunities to some
fishers, thus alleviating fishing pressure and promoting sustainable yields
(Appendix 3). Personal interviews were conducted with 19 guides registered at
the HCMR (total is approximately 100). Guides are generally employed by
either one of the several local dive shops or at a private pier. An attempt was
made to interview a few guides from each dive shop and a few from private
piers in San Pedro Town. Tours originating from Belize City, other islands, or
from hard to access sites on Ambergris Cayll were not included in the survey
due to time constraints. 12 Approximately 45 minutes was required to do the
average survey.
A pre-test should be conducted before an actual questionnaire is
administered. However, because the research took place overseas and time
was very limited, no pre-test was conducted and some modification to the
original survey had to be made. During the first few surveys it was discovered
that a few questions did not solicit appropriate responses. For instance, when
asked about activities before and after the establishment of the HCMR; this
frame of reference did not prove useful. The tourist guides had conflicting ideas
about when the HCMR was designated, possibly because negotiations
preceded HCMR designation by more than a year and enforcement did not
begin until a year after. Asking "how many years" solicited more specific
10AII fishers and tourist guides in' San Pedro Town are men; women have not
traditionally been cast in these roles. However, some women have become certified to
SCUBA dive and this custom may change.
l1These sites are the Belizean Hotel, Journey's End, and EI Pescadore.
l20ver 72% of tours originate from San Pedro Town (Azueta 1990).
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responses. Respondents also were not receptive to answering questions about
the amount of money they charged for tours in conjunction with questions about
the number of tours during a year. This apparently is the information which they
must provide for tax purposes. This problem was solved by attaining cost
information from dive shops and hotels with which the guides were associated.
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CHAPTER Y
RESULTS AND DISCUSSION
This chapter begins with an analysis of fish community structure and a
discussion of results followed by a presentation of data collected from tourist
guide questionnaires.
Assessment of Fish Community Structure
HOL CHAN MARINE RESERVE
It was expected that parameters (abundance, mean lengths, biomass,
and species richness) for target groups would be greater in 1991 due to two
additional years of protection. For total targeted species in Zone A habitats
combined, abundance increased by 11 % and species richness increased
significantly (p = .0020). All target groups exhibit percentage increases in mean
length except the serranids (-23%); lutjanids increased by 5%, haemulids by
34%, and scarids by 33%. Biomass increased for all target groups execpt the
lutjanids which decreased by 8%; serranids increased by 60%, haemulids by
150%, and scarids increased significantly (p=.0342). Non-target species
abundance decreased significantly (p = .0209) while species richness
increased by 2%. Abundance of individuals of all species combined declined
by 18% and species richness increased significantly (p = .0227) (Table 7).
A few decreases in target species are noted for Zone A. A non-significant
6% decline noted in abundance and 8% decline in biomass of lutjanids is
attributed to decreases in abundance of L. jocu (1.75/census to 0.5/census) and
L. griseus (2.5/census to 1.25/census). Mean lengths of serranids
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Table 7. HCMR Zone A (all hab~ats). Results comparing 1988/89 (n=40) and 1991 (n=51). Significance calculated
p<0.05. Significant dillerences are marked w~h an asterisk ('). Standard error in parenthesis.
.j:>.
.j:>.
i\IUIlOAlICE ~l..EJ\GTHS B1CNASS RICHNESS
(mean Indlvlduals/survevl (em) (ka flsh/survev) (mean species/survey)
GlOP 1988 1991 % signi'i· 1988 1991 % slgni'i· 1988 1991 % signifi- 1988 1991 % signiti-
chanae cance chanae cance chanae cance challQ8 canoe
Total 21.1 23.S .11 .333S 4.8 6.6 .38
.0020'
Targeted (3.9) (3.9) (0.4) (0.5)
Luljanidae 11.0 10.3 -6 .4134 34.5 36.2 .5 .4471 6.6 6.1 -8 .4189 1.7 1.9 .16 .1635
(3.0) (2.0) (9.8) (6.5) 1970.5) (1569.8) (0.4) (0.2)
Serranidae 1.5 1.8 .20 .1411 34.7 26.8 -23 .2892 1.4 2.2 .60 .1895 1.0 1.4 .42 .0247-
(0.2) (0.2) (10.2) (8.0) (444.1) (762.2) (0.1) (0.1 )
Heamulidae 4.3 6.8 .60 .1979 22.6 30.28 .34 .0575 1.2 3.0 +150 .0997 0.5 1.1 .120
.0022'
(1.7) (2.3) (2. 1) (3.6) (628.6) (1121.4) (0.1) (0.1 )
Scaridae 0.3 0.5 .63 .1047 29.2 38.9 .33 .1341 0.2 0.7 +344 0342· 0.2 0.4 .92 ,0410·
(0.1) (0.1) (0.8) (4.7) (63.3) (256.7) (0.5) (0.1)
Other 4.05 4.09 .1 .4836 1.4 1.8 .32 0594
Targeted (1.0) (0.7) (0.2) (0.1 )
Total 72.7 53.7 -26 .0209' 13.4 13.7 +2 3495
Non-Target (7.3) (5.8) (0.5) (0.5)
Total 93.8 77.2 -18 .0810 18.2 20.3 .12
.0227'
All Soecies /7.81 f8.5\ (0.6) (08)
decreased 20% primarily because of the presence in 1988/89 of a large E.
itajara (90 cm) and a large Mycteroperca species (60 cm).
Individual habitats within Zone A were aiso analyzed. Total targeted
species in the reef cut display a slight percentage increase in abundance (5%)
and a significancant increase in species richness (p=.0469). Haemulids and
other targeted species show percentage increases across parameters, except
haemulid mean lengths are significantly greater (p=.0376). Scarids show
significant increases for abundance (p=.0129), biomass (p=.0412), and species
richness (p=.0034) and a percentage increase for mean lengths (55%).
However, percentage decreases are present in lutjanid abundance (19%) and
biomass (27%) and serranid abundance decreased by 19%, mean lengths by
14%, and species richness by 5% (Table 8).
Similar results are evident for lutjanids and serranids in the main reef.
Lutjanids show a statistically significant decrease in abundance (p=.0465) and
species richness (p=.0487) and a percentage decrease in biomass (17%);
mean lengths are 32% greater. Serranids display percentage decreases in
mean length (35%) and a significant decrease in biomass (p=.0364) but show
percentage increases for abundance and species richness (39% and 67%
respectively). Haemulids also exhibite percentage decreases in the main reef
in abundance (59%) but have increases for other parameters (Table 10).
Conversely, in the forereef habitat, lutjanid. serranid, and haemulid
parameters show statistically significant increases in abundance, biomass, and
species richness; lutjanid mean lengths also show a percentage increase
(Table 9). Thus, the increase in overall target species for combined Zone A
habitats appear to be attributable primarily to increases in the forereef habitat.
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Table 8. HCMR Reef Cut. Resuhs co"1laring 1988189 (n=17) and 1991 (n=25). Significance calculated at p>O.05.
Significant diHerences are mar1<.ed by an asterisk ("). Standard error in parenthesis.
~
C»
ABlN)A/ICE MOAN lENGlHS BIOMASS RICHNESS
(mean Indlvlduals/survevl (cml (ka fish/survey) (mean species/survey)
GR:U'S 1988 1991 % aignili- 1988 1991 % signifj- 1988 1991 % signifi- 1988 1991 % signili-
d\anQe cance chanqe can"" chanqe can"" chanqe cance
Total 35.9 37.7 .5 .4309 6.7 8.5 .27
.0469"
Targeted (7.1 ) (6.7) (4.0) (0.6)
lUljanidae 20.5 16.7 ·19 .2848 36.4 37.2 .2 .4725 14.2 10.4 ·27 .2117 2.5 2.8 .12 .2298
(6.2) (3.6) (9.5) (6.5) 3955.7) (2924.3) (0.2) (0.3)
Serranidae 2.2 1.8 -19 .1488 31.7 27.3 ·14 .3798 2.8 3.2 .14 .4087 1.4 1.4 ·5 .4019
(0.3) (0.2) (10.8) (8.3) (929.0) (1329.7) (0.2) (0.2)
Heamutidae 8.0 12.6 .57 .2331 23.0 30.5 .32 .0376' 2.8 5.6 .108 .1678 08 1 3 ,38 .0517
(3.6) (4.5) (2.8) (1.9) 1415.1) (2181.6) (0.8) (0.2)
Scaridae 0.2 .6 +200
.0129" 26.3 40.7 .55 .117 0.1 0.7 .600 .0412' 0.1 0.6 .82 .0034·
(0.1 ) (0.1) (3.8) (6.3) (42.6) (296.3) (0 1) (0.1 )
Other 5.0 6.0 .19 .3046 1.9 2.2 .13 .243
Targeted (1.5) (1.2) (0.2) (0.3)
Total 63.8 59.7 -6 .7738 13.4 14.3 .6 .4538
Non-Target (9.3) (9.6) (0.9) (0.7)
Total 99.7 97.4 ·2 .9022 20.1 22.8 .13 .1304
All Soecies 111.31 (14.5) (1.0) (1.2)
Table 9. HCMR Forereet. Results comparing 1988189 (n=13) and 1991 (n=8). Significance calculated p<O.05.
Significant dillerences are marked w~h an asterisk ('). Standard error in parenthesis.
~
-J
Aa.N>ANCE M:AN lENGlHS BIOMASS RICHNESS
(mean Individuals/survey) (em) (kq fish/survey) (mean species/survey)
GR:U'S 1988 1991 % signifi· 1988 1991 % signifi· 1988 1991 % signifi· 1988 1991 % signiti·
chanae canoo chanae canoo chanae canoo chanae cance
Total 6 .• 1•. 5 +127
.0318 2.2 6.7 +196 .0009'
Targeted (2.6) (3.0)" (OA) (1.3)
Lutjanidae 2.0 8.0 +300
.0012 16.0 26.2 +64 .0949 0.3 2.7 +800 .0051' 0.7 1.6 ... 135 .0031·
(0.6) (2.0) ( 1.0) (4.6) (103.0) (1100.2) (0.1 ) (0.3)
Serranidae 1.0 3.4 +238 .0018' 30.1 29.8 . 1 .4946 0.2 4.1 .1950 .0205' 0.6 2.4 .286 .0002*
(0.3) (0.8) (19.9) (10A) (159.3) (2283.3) (0.2) (0.5)
Haemulidae 0.0 1.1 . .
.0034' 0.0 18.9 .. .0183' 0.0 0.1 . . .0022' 00 0.9 - - .0005'
( .. ) (0.5) (.. ) ( 1.9) (--) ( .. ) (0.3)
Scaridae 0.7 0.5 -28 .3038 29.7 32.5 +9 .0556 0.42 0.38 ·10 .4384 0.54 0.5 .8 .4455
(0.3) (0.2) (0.3) (0.0) (169.4) ( 149.0) (0.2) (0.2)
Other 2.7 1.5 -44 .3311 0.4 1.3 +225
.0266 111
Targeled (2.3) (0.6) (0.2) (0.5)
TOlal 84.7 83.3 ·2 .9532 13.5 15.8 .16 .0363'"
Non·Targo' (17.4) (12.1) (0.4) ( 1.0)
Tolal 91.1 97.8 +7 .3965 15.7 22.5 .42
.0008'
AU Soocies 117.1\ 114.1\ 10.7) 12.1\
Table 10. HCMR Main Reef. Results comparing 1988189 (n=10) and 1991 (n=18). Significance calculated p<0.05.
Significant differences are marked w~h an asterisk ('). Standard error in parenthesis.
.j>.
(Xl
~ MOAN LENGlHS BIOMASS RICHNESS
Imean Individuals/survey) (em) (kq fish/survey) (mean species/survey)
GfOJ'S 1988 1991 '" olgnlfl· 1988 1991 '" sign ili- 1988 1991 % signifi- 1988 1991 % signifi·
chanae cance chanae cance chanae cance cllange cance
TOlal 15.0 7.7 ·49 .0265' 4.4 4.1 - 7 .3546
Tatgolod (4.4) (1. 1) (0.6) (0.5)
lutjanidae 6.5 2.2 -66 .0465' 19.3 25.4 +32 .1380 1.8 1.5 - 1 7 .3980 1.5 0.9 -37 .0487'
(3.1) (0.7) (3.1) (3.9) (795.8) (285.5) (0.3) (0.2)
Serranidae 0.8 1.1 +39 .2525 34.7 22.7 -35 .2384 0.7 0.1 -86 .0364- 0.5 0.8 .67 .1026
(0.3) (0.3) (14.4) (5. 1) (389.9) (42.2) (0.2) (0.2)
Heamultdae 3.5 1.4 ·59 .1033 16.7 34.5 .106 .1281 0.3 0.8 +167 .0999 0.7 0.72 +3 .4669
(0.3) (0.8) (0.0) (5.7) (108.4) (274.3) (0.2) (0.2)
Scaridae 0.0 0.3 .. .1508 0.0 52.5 . - . - 0.0 0.9 - - .1545 0.0 0.1 - - .1456
(0.0) (0.2) ( - -) (0.0) ( . - ) (117.0) ( .. ) (0.1)
Olhor 4.2 2.7 ·37 .1020 1 7 1 5 ·12 .3540
Tatgolod (1.1) (0.7) (0.4 ) (0.3)
.
TOlal 72.2 32.2 -55
.0002 13.2 11.9 ·10 .2607
Non-Targot (9.8) (4.4) (0.9) (0.7)
Total 87.2 39.9 -54 .0002 17.6 15.9 ·10 .2229
All Soecies 111.5\ 14.81 10.71 1091
Results analyzing these changes in target species in the HCMR between
1988/89 and 1991 indicate an interesting shift in distribution of lutjanids,
serranids, and haemulids to the forereef from the reef cut and main reef.
Several factors may have contributed to this phenomenon. The author
observed during the 1991 sample period that tourist guides had begun to feed
fish in the forereef, an activity previously conducted only in the reef cut and main
reef. Predator species, lutjanids, serranids, and some haemulids are attracted
to this activity (personal observations) and may have been drawn to the fore reef
for this reason. Additionally, between the 1988/89 and 1991 sample periods,
mooring buoys to anchor tourist guide's boats had been installed according to
the management plan in the forereef at the HCMR; these were previously
located only in the reef cut and main reef. Schools of fish have been observed
by this author to be attracted to these buoys, possibly for shelter and/or because
feeding activitie,s generally take place in the vicinity of the buoys. The
placement of buoys in the forereef also has allowed an increase overall in the
number of divers which may also attract fish. Other possible factors may include
the high wind and wave action present during the 1991 sample period. 14
Perhaps fish move from the shallower, more turbulent main reef and reef cut
habitats to the deeper fore reef in such weather. Also, variance within
populations in different seasons may have influenced results since 1988/89
data were collected over six months while 1991 data was collected only in
June. Emery (1991) has recorded monthly variance in fish catch at the
Caribena Fisherman's' Cooperative and certain species are known to gather in
large spawning aggregations which affecting distribution patters.
14Because ot time constraints, I sampled during inclimate weather not sampled in during the
t 988/89 period,
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The scarids and other non-predators did not follow the same pattern as
predators but exhibited the most extreme decreases in the fore reef habitats.
•
Scarids decreased in abundance and the biomass estimate in the forereef and
increased in the reef cut and main reef in all parameters. Other targeted
species showed the greatest increases across parameters in the reef cut.
Non-target and total species also exhibit some changes over time. Non-
target species experienced only slight changes in abundance in the reef cut. a
6% decline in abundance and a 6% increase in species richness. All
species combined in the reef cut exhibit similar trends, a 2% decrease in
abundance and a 13% increase in species richness (Table 8). In the forereef
non-target species dropped by 2% and total all species increased by 7%.
Species richness increased significantly for both these groups. for non-target
species p=.0363 and for total all species p=.0008 (Table 9). And in the main
reef, abundance decreased significantly and species richness showed
percentage decrease for non-targeted and total all species. For abundance,
significance was p=.0002 for each; for species richness non-targeted dropped
by 10% and total all species by 10% (Table 10). Declines of these non-target
species may provide evidence that during the 1988/89 sample period
community fish structure was not in a natural equilibrium, Le. that non-target
species were more abundant due to the lower populations of predators as a
result of previous removal due to fishing. Long-term studies are needed to
examine this possibility. These distributions may also have been affected by
the extreme weather conditions described above.
TRES COCOS
In 1988/89, data in Tres Cocos were collected only in the reef cut habitat,
therefore, only reef cut data are compared over time. Tres Cocos, as a control
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site, was not expected to exhibit significant changes, but this was not the case.
Increases of target and non-target species are clearly recorded across all
parameters. Target abundance increased by 851 % and species richness
increased significantly (p = .0132). Biomass for all groups increased and
serranids increased significantly (p = .0408) and mean lengths for all groups
show percentage increases with the exception of the lutjanids which was
slightly less (7%) (Table 11).
The explanation for these unexpected increases is not clear. Easing of
fishing pressure does not appear to be the reason; fishers surveyed as part of
this study stated that Tres Cocos is currently exploited for commercial,
subsistence, and sportfishing activities and that fishes targeted include
serranids. lutjanids, carangids, and sphyraenids. The fact that both target and
non-target species show extreme increases may indicate the presence of some
environmental difference (e.g. weather, movement of spawning species, etc.)
between survey periods. More rigorous sampling over many months of the year
would be valuable to reduce the effects of periodic environmental variations.
Hal CHAN MARINE RESERVE VERSUS TRES cocos
In 1988/89 only Tres Cocos' reef cut was sampled and analyses of these
sites during this time compares only the reef cut habitats. Because the HCMR
had been protected 1-2 years when these when 1988/89 data were collected, it
was expected that results in the HCMR would exhibit higher parameters than
those of Tres Cocos. With the exception of the scarids, results are as expected
for target groups. For total of target species, abundance and species richness
were significantly greater in the HCMR (p=.0001 for both). Mean lengths for
target groups were greater in the HCMR except for scarids which were 16%
less. Biomass was significantly greater in the HCMR for lutjanids (p = .0001),
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Table 11. Tres Cocos Reef Cut. Results comparing 1988189 (n=28) and 1991 (n=21). Significance calculated p<O.05.
Significant differences are marked with an asterisk ('). Standard error in parenthesis.
c.n
I\)
AlJ..N)A!ICE "'AN L.ENGlHS BIOMASS RICHNESS
(mean Indlvlduals/survev) (em\ Ike flsh/survev) (mean specles/survev)
CHU'S 1988 1991 % signili· 1988 1991 % signitj· 1988 1991 % signifi· 1988 1991 % signifi-
chanoe canal cI1anqe canal chanoe canal change canal
Total 7.5 16.0 .851 .0712 3.2 5.0 .56
.0132'
Targeted (1.7) (4.8) (OA) (0.7)
lutjanidae 3.5 6.4 .82 .2870 21.6 20.1 - 7 .8363 0.8 1.0 .25 .7648 0.8 1.6 .97 .0272·
(1.2) (2.6) (6.6) (2.1) (630.2) (402.0) (0.2) (0.4)
Serranidae 0.4 1.0 +204 .0053' 16.6 21.695 .31 .6021 0.03 0.1 +233 .0408' 0.3 0.8 .13 .0006-
(0.1) (0.2) (0.0) (4.2) (18.3) (46.2) (0.1) (0.1)
Heamulidae 2.0 5.5 .169 .1904 18.8 24.1 +28 .1251 0.3 1.5 +400 .0884 1.0 0.9 -11 .6624
(0.4) (2.9) (1.6) (2.2) (67.9) (780.3) (0.2) (0.2)
Scaridae 0.5 0.6 +24 .6484 31.3 34.4 +10 .5964 0.35 0.38 .9 .9045 0.4 0.6 .73 1643
(0.2) (0.1) (4.5) (2.9) (140.0) (145.9) (0.1 ) (0.1)
Other I.t 2.5 .121 .0986 0.7 1.1 .60 .0797
Targeted (0.3) (0.8) (0.8) (02)
Total 34.8 72.1 .107 .0250 12.1 12.9 .7 .4842
Non-Target (2.7) (18.3) (0.6) ( 1. 1)
Tolal 42.3 88.1 .108
.0222 15.3 17.9 + 17 .1172
All Soecies 13.71 121.9) (0.8) ( 1.6)
serranids (p '" .0002). and haemulids (p '" .0138); biomass of scarids was
slightly less (Table 12).
Non-target and total of all species also were greater in the HCMR. The
abundance of non-target and total were both significantly greater in the HCMR
(p '" .0004 and p '" .0001, respectively). Species richness was significantly
greater in the HCMR for total of all species (p '" .0003).
The parameters were expected to be greater in the HCMR, however, the
extreme significances are somewhat unexpected since the HCMR had been
protected for only a short time. Some difference is undoubtedly due to habitat
differences between the two sites and, as described above, the 1988/89 Tres
Cocos data may not be representative due to unknown environmental factors.
Data collected in 1991 from the HCMR and Tres.Cocos were also
compared and again it was expected that parameters would be higher in the
HCMR due to protection. Parameters for target species considering all habitats
combined were higher (several significantly higher) in the HCMR than in Tres
Cocos as expected. Total targeted species in the HCMR were significantly
higher in abundance (p '" .0112) and species richness (p '" .0001). Mean
lengths for all target groups were greater in the HCMR; lutjanid mean lengths
were significantly greater (p '" .0246), serranid lengths were 40% greater,
haemulids lengths were 16% greater, and scarid mean lengths were
significantly greater (p = .01476). Considering biomass, lutjanid and serranid
parameters were significantly greater in the HCMR (p = .0010 and p = .0051,
respectively); biomass for haemulids and scarids show percentage increases
(100% and 75% respectively) (Table 13).
Abundance and the species richness of non-targeted fishes were only
slightly different, abundance was 4% lower and species richness was 3%
higher in the HCMR. For total all species combined, abundance is 12% greater
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Table 12. Reef Cuts 1988. Resutts comparing Tres Cocos (n=28) and HCMR (n=17). Significance calculated p<O.05.
Significant dmerences are marked with an asterisk ('). Standard error in parenthesis.
U1
-I=>
ABl..N)A/ICE t.EAN l.ENGlHS BIOMASS AlCl-INESS
(mean Individuals/survey) (em) (kQ/survey) (mean sDecies/survev)
GIOJ'S Tres HoI
""
signiti· Tres Hoi
""
signiti- Tre& Hoi
""
. signifi- Tres Hoi % signitj·
Cooos Chan dill. cance Cooos Chan dill. cance Cooos Chan dill. cance Cocos Chan dill. cance
Total 7.5 35.9 +376
.0001 3.2 6.8 + 113 .0001·
Targeted (1.7) (7.1) (0.4) (0.4)
lutjanidae 3.5 20.5 +487 .0007· 21.6 36.4 +68 .1196 0.8 14.2 +1675 .0001· 0.8 2.5 +201 .0001·
(1.2) (6.2) (6.6) (9.5) (630.2) (3955.7) (0.2) (0.2)
Serranidae 0.4 2.2 +509 .0001· 16.6 31.7 +91 .3193 0.03 2.8 +9233 .0002' 0.3 1.47 +488 .0001·
(0.1) (0.3) (0.0) (10.8) (19.3) (929.0) (0.1) (0.2)
Heamulidae 2.0 8.0 .293 .0213· 18.8 23.0 .22 .0857 0.3 2.8 .833 .0138' 1.0 0.8 ·15 .2774
(0.4) (3.6) ( 1.6) ( 1.9) (67.9) (1415.1) (0.2) (0.2)
Scaridae 0.5 0.2 -65 .1127 31.3 26.3 - 1 6 .2443 0.4 0.1 -75 .0616 0.4 0.1 ·75 .0911
(0.2) ( 1.3) (4.5) (3.8) (140.0) (97.4) (0.1 ) (0.1)
Other 1.1 5.0 .337 .0014· 0.7 1.9 +164 .0001 •
Targeted (0.3) (1.5) (0.8) (0.2)
Total 34.8 63.8 .83 .0004· 12.1 13.4 .11 .0929
Non-Targel (2.7) (9.3) (0.6) (0.9)
TOlal 42.3 99.8 +136 .000 ,. 15.3 20.2 .32 .0003-
All Soocies 13.7\ 111.3) (0.8) (1. 11
Table 13. HCMR and Tres Cocos (all habitats) 1991. Results comparing HCMR (n=51) and Tres Cocos (n=48).
Significance calculated 1><0.05. Significant diHerences are marked with an asterisk ('). Standard error in parenthesis.
(J1
(J1
AIJl.N)MCE MEANlENGlHS BlOMASS RICHNESS
(mean Individuals/survey) (em) (kQ fish/survey) (mean soecies/survevl
GR:U'S Tres HoI % signifi- Tres Hoi % signifi- Ires Hoi % signiti- Tres Hoi % signifi·
Cocos ChM dill. canal Cocos ChM dill. cana> Cooos ChM dill. canal Cooos ChM dill. canal
Total 12.7 23.4 +85
.0112 4.2 6.6 +57 .0001'
Targeted (2.5) (3.9) (0.4) (0.5)
Luljanidae 4.6 10.2 +122
.0099 22.0 31.1 +41 .0246 1.0 6.1 +510 .0010' 1.3 1.9 +50 .0096-
(2.3) (1. 7) (1.8) (3.6) (215.8) (1569.8) (0.2) (0.2)
Serranidae 0.9 1.8 +99 .0006' 19.3 27.0 +40 .1340 0.1 1.2 ... 1100 .0051· 0.6 1.4 +132 .0001 ..
(0.2) (0.2) ( 1.9) (4.8) (22.3) (420.2) (0.1 ) (0.1)
Heamulidae 4.6 6.8 +50 .2135 24.5 28.4 .16 .1419 1.5 3.0 +100 .1125 1.02 1 04 .2 .4592
( 1.6) (2.3) (1.4 ) (2.7) (537.1) (1121.4) (0.1) (0.1)
Scaridae 0.6 0.5 ·16 .2794 28.7 38.6 .34 .0476' 0.4 0.7 .75 .1222 0.5 0.4 ·17 .2409
(0.1) (0.1) (3.7) (4.1) (106.2) (256.7) (0.1) (0.1)
Olher 2.0 4.1 ... '04 .0116· 0.8 1.8 +112 .000 ,.
Targeled (0.6) (0.7) (0.1 ) (0.2)
Tolal 56.0 53.7 ·4 .4134 13.3 13.7 .3 .3262
Non-Targel (8.6) (5.8) (0.6) (0.5)
TOlal 68.7 77.1 .12 .2629 17.5 20.3 .16 .01 t 7·
All Soecies 110.41 /8.51 10.9) 10.8)
in the HCMR and species richness is significantly higher in the HCMR
(p = .0117) (Table 13). The overall greater abundance and species richness in
the HCMR for all species appears to be due to the differences in target species.
Examining the individual habitats in the context of the 1991 comparison
of HCMR and Tres Cocos, the most extreme differences were noted for
serranids. Across all habitats (reef cut, fore reef, and main reef), serranid
parameters were greater in the HCMR. Serranids are significantly more
abundant in the reef cut (p = .0177) and main reef (p = .0011); mean lengths are
26%, 41 %, and 20% greater, respectively; biomass is significantly greater in all
habitats (p = .0068, P = .0434, and p = .0130); and species richness is
significantly higher in the reef cut (p = .0026) (Tables 14-16).
The haemulids showed the least difference between sites in 1991 with
no significant differences noted for combined habitats. The only significant
difference was for biomass in the forereef which was greater in the HCMR
(p = .0316). Haemulid parameters were generally higher in the HCMR reef cut
than in Tres Cocos and generally lower in the forereef and main reef habitats.
Scarids were significantly lower in the HCMR forereef in abundance (p = .0240)
and species richness (p = .0416). Searid mean lenghts and biomass were
lower but not significantly so. However, scarids were generally higher in the
HCMR main reef and reef cut habitats across all parameters. The abundance,
biomass, and richness of other targeted species were significantly higher in the
HCMR reef cut and main reef, while in the forereef these species' abundance
and biomass were lower.
Parameters comparing the HCMR and Tres Cocos in 1988/89 and in
1991 are consistent with what was expected, abundance, mean lengths,
biomass, and species richness was greater in the HCMR than in the Tres Cocos
control site.
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Table 14. Reef Cuts 1991. Resutts comparing HCMR (n=25) and Tres Cocos (n=21). Significance calculated p<O.05.
Significant differences are marked with an asterisk ("). Standard error in parenthesis.
U1
---J
A8LNlANCE MEAN lENGlHS IllOMASS RICHNESS
(mean Indlviduals/survev) (em) (ka flsh/survev) (mean spocies/survev)
GIO.f'S Tre5 HoI % signifi· Tre6 HoI % signifi. Tres HoI % signiti· Tre5 Hoi % signili·
Cocos Clal dill. canoe Cocos Clal dill. canco Cocos Clal dill. canco Cocos Clal dill . canco
Total 16.0 37.6 +135 .0075 5.0 8.3 +66 .0002"
Targeted (4.8) (6.7) (0.7) (0.6)
lutjanidae 6.4 16.7 +162 .0143 20.1 37.2 +85 .0143" 1.0 10.4 +940 .0028" 1.6 2.8 +68 .0176"
(2.6) (3.5) (2.1) (6.5) (402.0) (2924.3) (0.4) (0.3)
Serranidae 1.0 1.8 +76 .0177 21.7 27.3 +26 .3324 0.1 1.1 +1000 .0068" 0.8 1.4 +84 .0026*
(0.2) (0.2) (4.2) (8.3) (46.2) (343.9) (0.1) (0.2)
Heamuhdae 5.5 12.6 .129 .1054 24.1 30.5 .27 .0814 1.5 5.6 .273 .0514 0.9 1.3 .54 .0626
(2.9) (4.5) (2.8) ( 1.9) (780.3) (2181.6) (0.2) (0.2)
Scaridae 0.6 0.6 .3 .4610 34.4 40.7 .18 .2489 0.4 0.7 .75 .1739 0.6 0.6 .3 .4570
(0.2) (0.1) (2.9) (6.3) (145.9) (296.3) (0.1 ) (0.1)
Other 2.5 6.0 .136 .0128- 1.1 22 .89
.0029 111
Targeted (0.8) (1.2) (0.2) (0.3)
Total 72.1 59.7 - 1 7 .5344 12.9 14.3 .11 .3015
Non-Target (18.3) (9.6) (1. 1) (0.7)
Total 88.1 97.4 .10 .7199 17.9 22.6 .26
.0 t 55'"
All SD8Cies /21.9) (14.5) 11.61 11.21
Table 15. Forereefs 1991. Results comparing HCMR (n=8) and Tres Cocos (n=9). significance calculated p<O.05.
Significant differences are marked with an asterisk r). Standard error in parenthesis.
01
0:>
~ M:AN lENGTHS BIOMASS RICHNESS
(mean Individuals/survey) (em) (kll fish/survey) (mean soecies!su<Vevl
GRJlI'S lrGs HoI % signifi· Tre5 Hoi % signi'j· Tres HoI % signifj· Tres Hoi % signifi-
Cocos Chan dill. cance Cocos Chan dill cance Cocos Chan dill. cance Cocos Chan dill. cance
Tolal 16.8 14.4 -14 .3087 5.3 6.5 .22 .1988
Targeted (3.8) (3.0) (0.6) ( 1.3)
lUljanidae 7.3 8.0 .g .3883 19.2 26.2 .36 .1679 1.5 2.7 .80 .1615 1.2 1.6 .33 .1287
( 1.3) (2.0) (1.7) (4.6) (562.8) (1100.2) (0.2) (0.3)
Serranidae 2.2 3.4 .52 .0718 16.0 29.8 .41 .0572 0.1 4.1 .4000 .0434· 1 .1 2.4 .. 114 .0064·
(0.2) (0.8) (0.5) (10.4) (25.1) (2282.3) (0.1) (0.5)
Haemulidae 2.6 1.1 -57 .1177 23.1 18.9 ·18 .1643 0.5 0.1 -80 .0316· 1.2 0.9 -28 .1778
( 1.0) (0.5) (3.6) (1.9) (156.2) (54.6) (0.2) (0.3)
8cartdae 1.4 0.5 -65 .0240· 32.2 30.6 - 4 .2174 1.1 0.4 -64 .0545 1.1 0.5 -55 .0416-
(0.4) (0.2) (1 .5) (6.9) (365.0) (149.0) (0.3) (0.2)
Other 3.3 1.4 -59 .2390 0.7 1.1 .69 .1427
Targeted (2.5) (0.5) (0.2) (0.4)
Total 60.0 83.3 .39 .1689 15.1 15.8 .4 .6379
Non-Target (10.7) (12.1) (0.9) (1.0)
TOlal 76.8 97.6 .27 .2860 20.4 22.3 .8 .4219
All Soecies 112.5\ 114.6\ (1.11 (2.01
Table 16. Main Reefs 1991. Resuhs comparing HCMR (n-18) and Tres Cocos (n-18). Significance calculated p<O.05.
Significant differences are marked with an asterisk r). Standard error in parenthesis.
U1
<0
AIll.N:lANCE t.£AN L.£NGlHS BIOMASS RICHNESS
(mean Indlvlduals/survev) (em) (ka flsh/survev) (mean soecies/survev)
GIOJ'S Tres HoI % signifj· Tres HoI % signifi- Tres HoI % signifi- Tres Hoi % signitj·
Cooos Chan dift. canoe Cooos Chan dift. canoe Cooos Chan dift. canoe Cooos Chan dill. cance
Total 6.6 7.7 +24 .3452 2.8 4.0 +43
.0220'
Targeted (2.5) (1.1) (0.4) (0.5)
lutjanidae 1.2 2.2 +90 .0765 28.5 25.4 - 11 .3087 0.4 1.5 +275 .0672 0.9 0.9 0 .5000
(0.3) (0.7) (3.5) (3.9) (148.3) (685.5) (0.2) (0.2)
Serranidae 0.1 1.1 +901 .0011' 19.0 22.7 +20 .3050 0.01 0.13 +1200 .0130· 0.1 0.8 ... 650
.0002'
(0.1) (0.3) (1.0) (5.1) (8.0) (50.6) (0.1 ) (0.2)
Haemulidae 4.5 1.4 -68 .1332 27.2 34.5 +27 .1966 2.0 0.8 -60 .1380 1.1 0.7 -35 .0658
(2.6) (0.8) (0.2) (5.7) 1113.2) (274.3) (0.2) (0.2)
Scaridae 0.1 0.3 +200 .2155 15.0 52.5 +250 .1377 0.02 0.9 +4400 .0899 0.1 0.1 0 .5000
(0.1) (0.2) (14.1) (0.0) (20.2) (607.4) (0.1) (0.1)
Other 0.7 2.7 +269 .0034' 0.6 1.5 +170 .0061·
Targeted (0.8) (0.7) (0.2) (0.3)
Total 35.1 32.2 -8 .6266 12.9 11.9 - 8 .3601
Non-Target (3.9) (4.4) (0.8) (0.7)
Total 41.7 39.9 -4 .8218 15.7 15.9 +1 .8402
All Soecies (6.2) (4.8) 11. 1\ (0.9)
Assessment of the Role of Tourism
It was necessary to ascertain whether the tourism is providing an
alternative to fishing as a means of livelihood to some fishers. thus alleviating
fishign pressure. Each of the 19 respondent indicated he had been involved in
both fishing and tourist activities during his life. The estimated average age of
the men was 33.515 and the average number of years spent fishing was 14.6
years. Sixty-five percent are still involved with fishing in some manner; thirty-
five percent fish commercially. 50% for sport, and 5% fish for subsistence
purposes. 16 Thirty-five percent no longer fish. The average number of years
each respondent has been involved with tourism is 7.8 years. Thirty percent
become involved in tourism since the establishment of the HCMR in 1987.
potentially indicating that the need for guides has grown (increasing tourism) as
a result of the HCMR. Ninety-five percent indicated they provide tourist
excursions to the HCMR. The common activities they promote there are:
• snorkeling. including glass bottom boats (85%)
• SCUBA diving (50%)
• sportfishing (Zones Band Conly) (50%)
Results suggest that tourism has replaced fishing as the primary means
of employment to the respondents. Data gathered from respondents permits the
author to derive an estimate of gross income. During the "high" season17
guides conducted excursions on an average of 6.1 days/week. and during the
low season guides conducted trips on an average of 3.1 days/week. Guides
carry an average of 8.3 tourists/trip (Azueta et al..1989)'8 and conduct two
'5Some ages were estimated.
16Sum of percentages is greater than that of the total because respondents had more than
one respense.
17Answers varied greatly as to what the high season is. but most agreed that November
through March were the busiest months.
'8This number based on a survey conducted at the HCMR between 1988 and 1989. The
autho.r believes that this number is high due to bias of respondents; respondents fill out
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trips/day. Half day snorkeling trips are the most common tourist activity at an
average fee of $14US per tourist. Using these numbers to derive an estimate of
gross income, a guide would earn nearly $50,000US/year (the average income
for fishers is not known). To find net income, it would be necessary to determine
the costs associated with tourism such as payments to the dive shop owners
(when applicable), boats, dock space, gasoline, engines, maintenance, etc.
Respondents also gain benefits related to quality of life. Sixty percent of
respondents state that they were able to make more money in tourism than in
fishing; 30% said it was easier physically than fishing; 10% enjoy tourists, 10%
claim it is easier than fishing since fish were not abundant; and 10% have
health problems which prohibited them from fishing.
The data indicate that, although respondents are receiving benefits as a
result of tourism, there is a possibility that an optimum number of tourist guides
may soon be reached, after which benefits per guide may begin to decline.
Fifty-five percent of the respondents stated that there were not enough guides
on the island (particularly during the high season) indicating that they are as
bUsy or busier than they choose to be. However, twenty-five percent thought
that there were already too many guides, indicating that they were as busy as
they would like to be. Twenty percent had no opinion.
Respondents were asked what they felt was the purpose of the HCMR.
Ninety-five percent said they felt that the purpose was to stimulate tourism.
Sixty percent said that the HCMR played a role in protecting reef resources
including fisheries. And 15% felt that the HCMR's purpose was to bring money
and jobs to the community.
the survey in the HCMR oHice which was next door to a place where arrangements for
glass bottom boat (large boats carrying more tourists than other boats) trips are
arranged. The survey may have been biased if more glass bottom boat tourists filled out
the survey.
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Respondents were asked if additional benefits would result with
establishment of another CRPA in the vicinity and if they would support this.
Seventy percent felt that more protected areas would benefit the community
while 20% felt they would not (10% was not sure). Fifty-five percent indicated
they would support the establishment of additional protected areas, 19 twenty
percent said they would not, and 10% would support only one more.
During surveys, respondents mentioned specific issues of importance to
them which were not included in the questionnaire. These comments are
presented below and may be useful the the HCMR staff and other CRPA
managers.
• The number of tourists visiting the reef cut at Hoi Chan at anyone
time is excessive and dangerous conditions result.
• There should be a night patrol to eliminate poaching.
• There is noticeable damage to corals at the HCRM reef cut from
careless tourists standing to rest upon them; some action should be
taken.
• There should be no dive shop names painted on mooring buoys
provided by the HCMR because the buoys become an advertisement for
that shop. (The HCMR purchased mooring buoys and allowed dive
shops to borrow installation equipment to place them in strategic areas
outside of the HCMR to help eliminate overcrowding. Before installing
however, some of the dive shops put their names on the buoys.)
• HCMR rangers should not shout to tourists standing on the corals.
The guides felt that this embarrassed the tourists and guides. Some
other means of warning tourists should be initiated.
• The HCMR personnel receive training. outside of Belize which is not
shared with the community. Guides feel that workshops should be
held to share information. There is concern that all the training is
focused on a few people, who may eventually move out of their
current positions leaving no trained personnel.
19Some of the guides surveyed mentioned two areas specifically where they would
support establishment of coral reef protected areas at Mexico Rocks, a popular tourist
spot also on Ambergris Cay, and at Cay Caulker, a nearby island from which competing
guides bring tourists.
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• There should be more mooring buoys both inside and outside of the
HCMR to protect corals.
• It is more difficult to catch lish since the establishment of the HCMR
since the area is closed to fishing.
• There should not be a fee lor tourist guides to use the HCMR.
• The year fee lor tourist guides is acceptable.
• The lee lor tourists is a good plan to cover cost 01 managment of the
HCMR.
• Most of the community supports the HCMR and local families are
beginning to enjoy the area lor recreation.
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CHAPTER Vi
CONCLUSION AND RECOMMENDATIONS
The two hypotheses of the study are supported by results of this study.
First, results of assessment of community fish structure clearly indicate that
protective management may be maintaining and enhancing abundances, mean
lengths, biomass, and species richness of important finfish species in Zone A of
the Hoi Chan Marine Reserve. Results are consistent with those of similar
studies in other areas around the world as presented in Chapter II. For example
Clark et al. (1989) found significant increases in species richness and large
percentage increases in abundance over time for target species (serranids,
lutjanids, and haemulids) presumably due to cessation of spearfishing in a
Florida CRPA. Over time in the HCMR, from 1988/89 to 1991, parameters for
target species also increased, many increased significantly. The most dramatic
changes over time in the HCMR were noted in species richness for serranids.
haemulids, and scarids which increased significantly. This suggests that
species richness may be a good indicator of fishing pressure.
Alcala and Russ (1990) and Russ (1985) assert that abundance and
biomass of predators such as serranids and lutjanids are more reliable
indicators of effective management than species richness. This is not evident
over time in the HCMR, only serranid species richness exhibits a significant
increase; other serranid parameters and all lutjanid parameters show slight
percentage increases and decreases. This may be a result of the fact that
sampling did not begin in the HCMR until over one year after designation and
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some recovery possibly had already occurred.20 However, the significant
differences across all parameters for these predators between the HCMR and
Tres Cocos clearly indicate that these species are sensitive to fishing pressure
exerted in Tres Cocos. Therefore, it appears that these predators may very well
be good indicators of fishing pressure.
Craik (1981) and Beinssen (1989) found that size and abundance of
target species are good indicators of fishing pressure by examining effects of
protection on P. leopardu5 in the Great Barrier Reef. Significant differences in
mean lengths and abundances were not noted in the HCMR over time, but were
recorded between the HCMR and Tres Cocos for lutjanid and scarid mean
lengths. The overall trend showed percentage increases for all groups except
lutjanid abundances, consistent with Craik's and Beinssen's findings.
Alcala arid Russ (1990) explain that there may be a relationship between
maintenance and improvements of target populations in a protected area in the
Philippines and increased fisher yields in areas adjacent. Results of this study
indicate that the HCMR may be maintaining and enhancing finfish populations
in the protected area; if the relationship can be expected to exist between
protection and improved fisher yields in Belize, then fishers of San Pedro Town
may experience reap benefits of protective management.
Although these results provide evidence that protective management is
improving and maintaining fishery resources within the HCMR, results cannot
be conclusively linked to protective management since no data were collected
before designation.
20Personal observations and discussions with fishers and the HCMR manager lead the
author to believe that some changes (improvements) in the populations had already
occ\med by July 1988.
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CHAPTER VI
CONCLUSION AND RECOMMENDATIONS
The two hypotheses of the study are supported by results of this study.
First, results of assessment of community fish structure clearly indicate that
protective management may be maintaining and enhancing abundances, mean
lengths, biomass, and species richness of important finfish species in Zone A of
the Hoi Chan Marine Reserve. Results are consistent with those of similar
studies in other areas around the world as presented in Chapter II. For example
Clark et al. (1989) found significant increases in species richness and large
percentage increases in abundance over time for target species (serranids,
lutjanids. and haemulids) presumably due to cessation of spearfishing in a
Florida CRPA. Over time in the HCMR, from 1988/89 to 1991, parameters for
target species also increased, many increased significantly. The most dramatic
changes over time in the HCMR were noted in species richness for serranids.
haemulids, and scarids which increased significantly. This suggests that
species richness may be a good indicator of fishing pressure.
Alcala and Russ (1990) and Russ (1985) assert that abundance and
biomass of predators such as serranids and lutjanids are more reliable
indicators of effective management than species richness. This is not evident
over time in the HCMR, only serranid species richness exhibits a significant
increase; other serranid parameters and all lutjanid parameters show slight
percentage increases and decreases. This may be a result of the fact that
sampling did not begin in the HCMR until over one year after designation and
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The second hypothesis stated that the HCMR can indirectly provide
alternative employment opportunities in the tourist industry to fishers. Results of
the questionnaire indicate that tourism is providing alternative opportunities.
One hundred percent of the 19 respondents had previously been full time
fishers. The fact that 30% of tourist guides currently operating on the cay
entered the industry after the establishment of the HCMR in 1987, suggests that
some of the tourism may be linked to the HCMR. Thirty-five percent of the
respondents no longer conduct any fishing activities. The average calculated
gross income for the guides ($50 thousand US) indicates that there may be
substantial opportunity. If fewer fishers are fishing on a full time basis then a
stable catch per unit effort and sustainable yields may become a reality;
however, this study did not investigate the possibility of fishers from other areas
moving in to replace those leaving the industry.
The results of this study provide evidence of benefits provided to
resources and the community resulting from the designation of the HCMR.
However, further study is needed to qualify and quantify more clearly
improvements and benefits. The author recommends:
• Community fish structure should continue to be analyzed within the
HCMR and comparable sites. Sampling should be conducted over
several months of the year to eliminate seasonal, weather related, and
other environmental effects. A method for sampling mobile pelagic
species such as carangids and sphyraenids would provide a better
understanding of these populations which may not be as accurately
represented as "reef" species. Comparable studies should be conducted
and evaluated for other fisheries such as conch and lobster.
• Fishery yields should be directly monitored. Caribena Fisherman's
Cooperative records will continue to be valuable, however if fishers are
selling directly to hotels and restaurants on a large scale, this will need to
be accounted for. Fishes harvested for subsistence and sportfishing
purposes also need to be monitored.
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• Additional coral reef protected areas could ease the overcrowding
experienced at the HCMR and to provide further resource and economic
benefits. Many tourist guides surveyed for this study suggest that they
would support the designation of another area. Resource and economic
analyses should begin as soon as possible so that data will be available
to compare before and after effects.
• Physical impacts of tourism on the reefs and other resources should be
monitored and steps taken to minimize impacts.
• Socio-economic impacts of tourism should also be determined. Efforts
should be taken to ensure that benefits are not substantially translated
out of the community.
• The management of the HCMR and the government of San Pedro
Town should closely monitor the number of tourist guides to provide
guidance if their numbers become so large that benefits per guide begins
to decrease.
• The staff of the HCMR should continue to teach ecology courses in the
high school and take other steps to prepare the local population to
manage and to use resources at sustainable levels.
Because of the benefits provided by Hoi Chan Marine Reserve thus far to
resources and the local community, it appears to be an excellent model of a
Caribbean coral reef protected area. The management costs of approximately
$100,000 US per year plus other costs associated with the 1055 of the area to
fishing are probably far outweighed by the benefits derived by the community
including tourist guides and hotel, gift shop, and restaurant owners. Resource
improvements within the HCMR may contribute to a long-term sustainable
fishery for local fishers. Additionally the HCMR also protects the very resources
which are the basises of the tourist and fishing industry, the coral reef and
associated resources. The HCMR has the potential of being one of the first
long-term successful coral reef protected area in the developing world. Other
areas with similar economic and resource assets of San Pedro Town, within
Belize and throughout the Caribbean, can learn from the experiences of the Hoi
Chan Marine Reserve.
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APPENPIX I
GLOSSARY
Abundance. The number of fish per unit area. Abundance and density
are often used interchangeably in the literature.
Biomass. The total kilograms of fish per unit area.
Catch per unit effort. The number of kilograms of fish caught per man
per unit time (kg/man/unit time).
Fecundity. The amount of gametes produced by an individual.
Growth overflshlng.. Removing fish before they have had a chance to grow
resulting in a reduction of the mean size of the adult stock.
Indicator species. A single species which is considered to be
representative of the health of the overall population of fish.
Mortality rate. The rate at which fish are removed from the population (die).
Mortality results from natural causes such as predation, old age, and
disease as well as from fishing effort.
Plsclvore. Fish eater.
Recruitment. Increases in abundance of young fish produced by larval
settlement.
Recruitment overflshlng. When intense fishing of a population reduces the
adult spawning stock to a point where production of larvae and
subsequent recruitment are impaired.
Species richness. The number of species per unit area. The term is used
here exclusively referring to finfish species.
Target species. Species of fish which fishermen most actively pursue
due to large size. good taste, and high value.
Total catch. The total kilograms of fish harvested by a community of
fishermen per unit time.
68
APPENDIX 2
SPECIES OF FISHES COMMONLY HARVESTED OFF AMBERGRIS
CAY BY FAMILy1
Serranidae
Epinephelus itajara
Epinephelus striatus
Epinephelus fulvus
Epinephelus cruentatus
Epinephelus adscensionis
Epinephelus guttatus
Mycteroperca interstitialis
Myeteroperca bonaci
Mycteroperca tigris
Mycteroperca venenosa
Lutjanidae
Apsilus denlatus
Luljanus analis
Lutjanus mahogoni
Lutjanus synagris
Lutjanus apodus
Lutjanus jocu
Lutjanus cyanopterus
Lutjanus griseus
Ocyurus chrysurus
Carangidae
Caranax bartholomaei
Caranx ruber
Caranx hippos
Caranx crysos
Caranx latus
Trachinotus falcatus
Trachinotus goodei
Gerreldae
Diapterus plumieri
Gerres cinereus
Hearnulldae
Anisotremus surinamensis
Anisotremus virginicus
Haemulon album
Haemulon parrai
Haemulon sciurus
Haemulon plumieri
Sparldae
Calamus penna
Calamus bajonado
Calarros calamus
Pornacanthldae
Pomacanthus paru
Pomacanthus arcuatus
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groupers
jewfish
Nassau grouper
coney
graysby
rock hind
red hind
yellowmouth grouper
black grouper
tiger grouper
yellowfin grouper
snappers
black snapper
mullon snapper
mahogany snapper
lane snapper
schoolmaster snapper
dog snapper
cubera snapper
gray snapper
yellowtail snapper
jacks
yellow jack
bar jack
crevalle jack
blue runner
horse-eye jack
permit
palometa
rnojarras
striped mojarra or stone bass
yellowtin mojarra
grunts
black margate
porkfish
margate
sailo~s choice
bluestriped grunt
white grunt
porgies
sheepshead porgy
jo~head porgy
saucereye porgy
angelflshes
french angelfish
gray angelfish
Kyphosldae
Kyphosus sectatrix
Kyphosus incisor
Labrldae
Bodianus rufus
Lachnolaimus maximus
Scarldae
Scarus coe/estinus
Scarus coeruleus
Scarus guacamaia
Scarus vetu/a
Sparisoma chrysopterum
Sparisoma ruoripinne
Sparisoma viride
Scombrldae
Acanthocybium so/anderi
Scomberomorus caval/a
Scomberomorus maculatus
Istlophorldae
Tetrapturus afluegeri
Istiophorus platypterus
Sphyraenldae
Sphyraena barracuda
Mugilidae
Mugil cepha/us
Ballstldae
Canthidermis sufi/amen
Balistes vetu/a
sea chubs
Bermuda chub
yellow chub
wrasses
spanish hogfish
hogfish
parrotfishes
midnight parrolfish
blue parrotfis,h
rainbow parrotfish
queen parrolfish
redtail parrolfish
redfin parrolfish
stoplight parrolfish
mackerels
wahoo
king mackerel
spanish mackerel
billfishes
longbill spearfish
sai~ish
barracudas
barracuda
mullets
striped mullet
trlggerfish
ocean triggerfish
queen triggerfish
1This information was obtained through a variety of interviews and personal
ovservations. The manager of the Caribena Fisherman's Cooperative, Mr. Ruben
Gonzalez, provided a majority of inforation by going through fish identification books and
posters (the cooperative does not recorded fish catch by species, thus records were not
valuable). James Azueta, manager, and Eigar Badillo, ranger, of the Hoi Chan Marine
Reserve both provided valuable information (both had previously been fishermen). The
author personally participated in sportsfishing excursions with San Pedranos, watched
fishes being cleaned at the cooperative, and often bought fish from the cooperative which
all provided insight.
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APPENDIX 3
TOURIST GUIDE QUESTIONNAIRE
1. What type(s) of fishing activities are you/have you been involved with?
a. commercial
b. subsistence
c. sport
d. other
2. How many years have you been/were you a fisherman?
a. 1-5 years
b. 5-10 years
c. 10-1 5years
d. >15
3. How many years have you been involved with tourism?
a. 1-4 years
b. 4-7 years
c. 8-10
d. >10
4. For what reasons did you choose to become involved with tourism?
5. What tourist activities are you involved in?
a. Snorkel excursions to the Hoi Chan Marine Reserve
b. Snorkel excursions to areas other than the Hoi Chan Marine
Reserve.
Where?
c. SCUBA excursions to the Hoi Chan Marine Reserve
d. SCUBA excursions to areas other than the Hoi Chan Marine
Reserve.
Where?
e. Sportfishing in the Hoi Chan Marine Reserve.
Species?
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f. Sportfishing in areas other than the Hoi Chan Marine Reserve.
Where?
Species?
g. Excursions to the mainland
h. Sightseeing. Where?
i. Other
6. What do you consider to the the "low" and "high" seasons for tourism?
7. How many days per week do you conduct tours during each of these
seasons?
8. What is the average fee per trip for the various activities you offer?
9. Do you feel that there is an excessive number of tourist guides on
Ambergris Caye?
10. What do you feel was the purpose for establishment of the Hoi Chan
Marine Reserve?
11. Do you feel that establishment of additional protected areas would benefit
local communities including fishermen?
12. Would you support establishment of additional protected areas in Belize?
13. Do you fish either commercially, for subsistence, or for sport at Tres
Cocos?
If yes, what species are harvested?
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